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SECTION I 
INTRODUCTION 



1. Purpose 

This manual is intended for use as a text for instruction or reference 
and as a basic source of general and technical information concerning 

military explosives. 

2. Scope 

a. This manual contains information and data pertaining to the 
chemistry, physics, manufacture, properties, identification, handling, 
use, inspection, preservation, storage, transportation, demilitarization, 
and disposal of military explosives and related substances. 

b. This manual differs from TM 9-2900, 29 August 1940, as outlined 

in (1) through (3) below. 

(1) Adds information on — 

Explosives. 

Test methods and procedures. 

Methods of manufacture. 

Pyrotechnic compositions. 

Smoke compositions. 

Tracer compositions. 

Primer compositions. 

Incendiary compositions. 

Destruction of bulk explosives. 

Packaging and marking, storage, and shipment. 
Bibliography. 

(2) Revises data for military explosives and the arrangement of 
text. 

(3) Deletes certain details of manufacturing processes. 

3. Arrangement 

а. Paragraphs 4 through 36 are general in nature. They present 
theory, procedures, bases for interpretations of data, and comparative 
data. 

б. Paragraphs 37 through 1 1 1 contain specific information concern- 
ing explosives and related substances. 

c. Paragraphs 112 through 134 are concerned with identification of 
explosives and regulations and methods applicable to packaging, 
marking, storage, shipment, and disposal of military explosives. 
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d. Introduction and development of military explosives are found 
in paragraphs 4 through 8. 

e . Manufacturing processes for each explosive are discussed in the 
paragraph on the specific explosive in paragraphs 37 through 111. 

/. Appendix I contains tables of characteristics and data. 
g. Appendix II contains a bibliography. 


SECTION II 
GENERAL 


4. Definitions 

a. Explosive. 

(1) An explosion, a violent bursting or expansion as the result of 
great pressure, may be caused by an explosive or the sudden 
release of pressure, as in the disruption of a steam boiler. 
An explosive produces an explosion by virtue of the very 
rapid, self-propagating transformation of the material into 
more stable substances; always with the liberation of heat, 
and almost always with the formation of gas. 

(2) An explosive may be a chemical compound such as TNT or 
nitroglycerin, a mixture of compounds such as TNT and 
ammonium nitrate comprising amatol, or a mixture of one 
or more compounds and one or more elements such as po- 
tassium nitrate, sulfur, and carbou comprising black powder. 

(3) An explosive may be solid, liquid, or gaseous. TNT and 
nitroglycerin are examples of solid and liquid explosives, 
respectively. A mixture of 2 volumes of gaseous hydrogen 
and 1 volume of gaseous oxygen, when confined, is an ex- 
ample of a gaseous explosive. Military explosives are 
chiefly solids or mixtures so formulated as to be solid at 
normal temperature of use. 

(4) The characteristic effect of explosives generally is the result 
of the great pressure produced when a solid or liquid is sud- 
denly converted into a much larger volume of gas and the 
effective volume of this gas is greatly increased by the ex- 
pansive effect of the heat liberated simultaneously. A few 
explosives, such as cuprous acetylide, do not form gases 

Cu 2 C 2 — >2 Cu+2C 

because the heat liberated is not sufficient to gasify the 
products. In such cases, the explosive effect is due to the 
rapidity of liberation of heat and its expansive effect on the 
adjacent air. A mixture of 2 volumes of hydrogen and 1 
volume of oxygen, ou reaction, yields only 1 volume of 
gaseous water, but the heat lilwrated makes the effective 
volume of the gaseous water much greater and pressure is 
produced suddenly. 
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(5) While most military explosives produce gases only, and this 
is necessary for maximum explosive effect, a few yield solid 
as well as gaseous products of explosion. On explosion, 
black powder yields solid potassium carbonate and sulfate 
as well as gases. 


( 6 ) 


vary greatly. One group, which includes smokeless/and 
black powders, undergoes autoeombuslion at rates that vary 
from a few centimeters per minute to approximately 400 
meters per second. These arc known as “low^xplosivcs”. 
A second group, which includes TXT and nitroglycerin, has 
been found to undergo detonation at rates from 1,000 to 
8,500 meters per second. Such materials arc known as 
“high explosives.” Tx>w explosives jtfndergo oxidation re- 
actions or decomposition, elements or compounds being 
converted directly into othel wjlfemcnts and compounds, as 
in black powder and smokelaUrpovvder — 

3C ■ 4 S+4KN0 3 -^2NilM 2 C0 3 j- K 2 SO 4 +2C0 2 +m 


C 24 H 30 X it,0< 

High explosives 
in nitroglvccrin- 

2C 3 H a X 3 () 3 - 
6CO, -M 


r H 2 +5H 2 0+llC0 2 +I3C0 

uch more rapid decomposition as 

? + 1 OH + 6N -M 80->3 X *+ 5H 2 0 + 


ko. 


Some high explosives, such as nitrocellulose, can be caused 
by physical conditioning to be capable of functioning as a 
low explosive when ignited. Although the mechanisms and 
ratte/of explosion of the two groups differ greatly, human 
sejasory perception cannot always distinguish between their 

^wt i ono. 1 

(7) From the foregoing, it will be recognized that an explosive is 
characterized by a self-propagating reaction or decomposi- 
tion with the liberation of heat and the development of a 
local pressure effect. An explosive, therefore, may be de- 
fined as a material that can undergo very rapid self-propa- 
gating decomposition with the formation of more stable 
materials, the liberation of heat, and the development of 
a sudden pressure effect through the action of the heat on 
produced or adjacent, gases. It will be noted that this 
definition is applicable to the material in an atomic bomb, 
which undergoes nuclear fission. 

b. Propellant. A propellant is an explosive that is suitable for . 
effecting the controlled propulsion of a solid body such as a b uUot^ or^ ' 
a rocket. As disruption of the gun nfftko t must not take place and 
as the flight of the projectile or rocket must be controlled closely with 
respect to range as well as direction, the explosive process must be 
subject to correspondingly close control. Because of these requirc- 
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ments, only low explosives have been found suitable for use as pro- 
pellants. Because of the relatively low rates of transformation of 
these explosives, they do not undergo the too rapid acceleration that 
would cause disruptive instead of propulsive effect. Many propel- 
lants because of certain ingredients, can be caused to undergo det- 
onation as well as autocombustion {par. 25), but. acceleration of burn- 
ing to the point, where detonation takes place must be prevented. 
This is accomplished by control of the size and the form of each gram 

of propellant. 

5. Development of Explosives and Propellants 

a. Having its probable origin in the addition of potassium nitrate 
to combustible matter to form Greek fire, black powder has been 
' known in the western world for an uncertain number of centuries. 
However, it was not until the middle of the 13th century that Koger 
Bacon described the material; which until that time had been used 
for pyrotechnic, incendiary, and demolition effects only. It was not 
until early in the following century that the monk Bertliold Schwarz is 
credited with having invented a gun and using black powder to propel 
stones from it. This discovery of the usefulness of black powder for 
accomplishing mechanical work may be considered the real beginning 
of the history of explosives. For the next 500 years, black powder 
was the universal explosive. When ignited by a torch or spark from 
a flint, a loose charge of black powder above the borehole or in the 
priming pan of a gun served as a priming composition. The train of 
black powder in the borehole served as a fuse composition to advance 
the ignition to the propellent charge of black powder in the tube of 
the gun. men the projectile was of the shrapnel type, black powder 
in the delay fuse was ignited by the hot gases from the propellent 
charge, and the fuse in turn ignited the bursting charge of black 
powder. During this period, no essential change was made in the 
composition of black powder. It was not. until 1425 that the granu- 
lation of black powder was accomplished and 1525 that the control 
of grain size by screening was reported by the French. In spite of 
other developments, black powder was used as a major military propel- 
lant throughout most of the 19th century. 

6. The modern era of the history of explosives began in 1838 with 
the preparation of nitrocellulose by Felouzc by nitrating paper; but 
it was not until 1846 that Schonbcin and Boltger independently dis- 
covered its explosive properties. Like black powder, it was at first 
used for both propellent and blasting purposes. In 1846 or 1847 
Sobrero prepared nitroglycerin and described its explosive properties. 
Disastrous explosions in the course of manufacture, storage, and use 
retarded the development of nitrocellulose for a number of years, and 
the possibility of using nitroglycerin as an explosive attracted very 
little attention for some time after its discovery. 
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c. In 1863 Nobel began the commercial production of nitroglycerin, 
and in 1864 Schultzc made the first successful smokeless powder. In 
3865 Abel demonstrated the purification of nitrocellulose, so as to 
obtain a stable material. Because of the excessive hazard of liquid 
nitroglycerin, Nobel invented dynamite in 1867 and, in the same year, 
he invented the mercury fulminate blasting cap which assured detona- 
tion of nitroglycerin or dynamite. Simultaneously, Olilsson and 
Norrbin discovered the usefulness of ammonium nitrate in what was 
essentially a dynamite. In 1868 E. A. Brown discovered that dry, 
compressed guncotton (nitrocellulose) could be detonated by means 
of a blasting cap and. shortly afterwards, he found that wet guncotton 
could be detonated by the explosion of a small quantity of dry gun- 
cotton. This latter established the principle of the booster explosive 
and made possible the use of blocks of wet guncotton in naval mines. 
The invention of dynamite with an active base by Nobel in 1869 led 
logically to his invention in 1875 of the nitroglycerin-nitrocellulose 
mixtures known as blasting gelatin and gelatin dynamite. In 1886 
Turpin patented the use of picric acid as a bursting charge for shell, 
and it was used by the French under the name of melinite. The 
British began using it in 1888 under the name of lyddite. 

d. Up to this time, the development of explosives had been chiefly 
in the direction of blasting explosives, and black powder remained 
the major military propellant. The partially gelatinized Schultze 
and E. C. powders were used in shotgun ammunition but were un- 
satisfactory for use in rifled guns because of too great a rate of burn- 
ing. In 1884 Vieillc invented Poudre B, the first smokeless powder 
suitable for use in rifled guns, and this was adopted immediately for 
use by the French Army and Navy. It was produced by gelatinizing 
nitrocellulose with an ether-ethanol mixture, kneading to form a 
jelly, rolling into thin sheets, cutting into squares, and drying. 
Vicille also introduced the use of amyl alcohol in this powder as a 
stabilizer. In 1888 Nobel invented the double-base propellent powder 
ballistite, which was manufactured from soluble nitrocellulose and 
nitroglycerin with the aid of a volatile solvent such as benzene. In 
the following year, Kellner and Abel developed the propellant used 
by the British under the name of cordite. This was manufactured 
from insoluble nitrocellulose, nitroglycerin, and petroleum jelly with 
acetone as a solvent. The colloid so formed was extruded through 
dies as a cord and the acetone was removed by evaporation. The 
petroleum jelly was found to act as a stabilizer. In the Spanish- 
American War, the United States forces still used black powder as a 
propellant for artillery, although the US Navy Powder Factory at 
Indian Head had start ed at the period to manufacture single-base 
powder (developed by Lt. Bernadou from the Russian pyrocollodion 




powder), the Army, however, was slower to accept it and did not 
start the manufacture of it until about 1900. They produced pyro- 
rellulose powder by the gelatinization of nitrocellulose by means of 
an ether-ethanol mixture, extrusion of the colloid, and removal of the 
solvent by evaporation. As early as 1909, diphenylamine was intro- 
duced as a stabilizer. During the same period, the use of eentralite 
as a stabilizer for propellants was introduced in Germany and am- 
monium picrate was standardized in the United States as a bursting 
charge for armor-piercing shell. 

e. The use of picric acid as a bursting charge for shell was considered 
unduly hazardous and difficult, and beginning about 1902, it began 
to be replaced by TNT, first by Germany and then by others. i World^ 
War I saw the introduction of lead azide as an initiator by the Ger- 
mans, the use of amatols as substitutes for TNT by all the warring 
nations, and the introduction of tetryl as a booster explosive for shell 
charges. 

/. During the next two decades RDX, PETN, lead styphnate, 
DEGN, and lead azide were developed as military explosives. The 
development in the United States of processes for producing toluene 
from petroleum removed limitations on the availability of TNT and 
permitted the development of the powerful and castable explosives 
. composition B and pentolite. Flashless propellants were developed 
in the United States and low-erosion DEGN propellants were devel- 
oped in Germany and Italy. Diazodinitrophenol was developed as 
an initiator in the United States, and tetracenc was developed in 
Germany as a new explosive ingredient of priming compositions. 

g. World War II saw the development of rocket propellants based 
on nitrocellulose-nitroglycerin or nitroecllulose-DEGN mixtures, and 
the use of nitroguanidine in artillery propellants. Haleite, a new 
high explosive, was developed in the United States as were tetrytol 
and picratol, special-purpose binary explosives used in demolition 
work, and in semi-armor-piercing bombs, respectively. A number of 
plastic explosives for demolition work were developed in Great 
Britain and the United States, the most important being the C-3 
composition based on RDX. The discovery and great value of the 
blast effect of explosives led to the development of tri tonal, torpex, 
' and minol, which contain powdered aluminum and have powerful 
blast effects. Finally, the application of the shaped charge principle 
resulted in the use of special explosives of the pentolite type. 

k. The expanding techniques of modern warfare lead to more and 
more specialized requirements for explosives and propellants. Future 
developments may be expected to take the direction chiefly of mix- 
tures of currently known explosives and other materials. But in 
some cases, the requirements can be satisfied only by new and more 
- powerful explosives, which presently are being sought. 
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6. Characteristics of Military Explosives and Propellants 

a. High Explosives. 

(1) General. Dur in g the past 100 years, many explosives have 
been studied for possible suitability for military use, yet 
less than a score have been found acceptable for such use 
and some of these have certain characteristics that are 
considered to be serious disadvantages. Required charac- 
teristics are such that but few explosives can meet most of 
them and be acceptable for standardization. 

(2) AiaHability and cod. Tn view of the enormous quantity 
demands of modem warfare, explosives must l>e produced 
from cheap raw materials that arc nonstrategic and available 
in great quantity. In addition, manufacturing operations 
must be reasonably simple, cheap, and safe. 

(3) Sensitivity. All explosives are sensitive to some degree, but 
can be too sensitive for handling and use or too insensitive 
for use. It may be considered that the present standard 
explosives represent a range of sensitivity within which a 
new explosive must. fall. 

(4) Brimnce and power. A military explosive must have shat- 
tering effect (brisance) and potential energy that make it 
comparable with or superior to other high explosives used 
as bursting charges; or it. must have the ability to initiate 
the detonation of other explosives and be sensitive enough 
itself to be initialed by practicable means such as percussion, 
friction, flame, or electric current. 

(5) Stability. In view of the long periods of storage to w hich they 
are subjected during peace and because of the adverse 
conditions of storage to which they may be exposed, military 
explosives must be as stable as possible. Global warfare 
has increased the variety of adverse conditions to which 
ammunition is exposed and this has resulted in an increase 
in the requi remen Is designed to prevent the hamiful chemi- 
cal and physical effects of such adverse conditions. 

(6) Density. Loading density is an important characteristic of a 
military explosive, a maximum density being desirable 
because of the fixed volume of the space available for explo- 
sives in a round of ammunition. The greater the loading 
density at which a fixed weight of a given explosive is pressed 
or cast, the greater is its effect when detonated. However, 
the standard explosives having the greatest density values, 
mercury fulminate and lead azide, are not the most power- 
ful standard explosives; and the selection of an explosive for 
a specific use cannot be based primarily upon its density. 

(7) Hygroscopicily. Hygroscopicily, the property of absorbing 
moisture, cau have an adverse effect on the sensitivity, 


stability, or reactivity of some explosives and must be 
negligible, if the explosive is to be considered satisfactory 
for military use. An exception is the very hygroscopic 
ammonium nitrate, which can be used in the manufacture of 
amatols, if kept under conditions that preclude the absorption 
of moisture. 

(8) Volatility. Volatility of military explosives is an undesirable 
characteristic, and they must not be more than very slightly 
volatile at the temperature at which they are loaded or at 
their highest storage temperature. Loss by evaporation, 
the development of pressure in rounds of ammunition, and 
separation of constituents of mixtures are sometimes the 
result of undue volatility. 

(9) Reactivity and compatibility. Minimum reactivity and con- 
sequent maximum compatibility with other explosives and 
nonexplosive materials are necessary properties of a military 
explosive. As the explosive must be loaded in contact with 
metal or coated metal and may be mixed with another 
explosive or mixed with the other ingredients of a propellant, 
the explosive must be nonre active therewith. Reaction, 
particularly in the presence of moisture, may produce 
sensitive metallic salts, cause deterioration and loss of power 
or sensitivity, or may result in the liberation of gaseous 
products of reaction. Compatibility is particularly impor- 
tant, if the explosive is to be mixed with liquid TXT to make 
an explosive mixture suitable for loading by casting. 

(10) Toxicity. Many explosives, because of their chemical struc- 
tures, are somewhat toxic. To be acceptable, a military 
explosive must be of minimum toxicity. Careful attention 
must be paid to this feature, because the effects of toxicity 
may vary from a mild dermatitis or a headache to serious 
damage to internal organs. 

h. Propellants. 

(1) Availability and cost. Like high explosives, military propel- 
lants must be manufactured from relatively cheap, non- 
strategic materials that are available in large quantity. 
While nitrocellulose is not considered entirely satisfactory 
because of some inherent instability, it has retained its posi- 
tion as a general ingredient of propellants, because of the 
nonavailability in quantity of a more stable material having 
the same, advantageous characteristics. 

(2) Sensitivity. Military propellants, as used, arc not unduly 
sensitive to shock or friction. They must be sufficiently 
sensitive to ignition by flame that initiation ma\’ be positive 

and burning uniform. 
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(3) Stability. Stability is even more important in the case of 
propellants than high explosives, since practically all propel- 
lants contain nitrocellulose, which is less stable, particularly in 
the presence of moisture, than any of the standard high 
explosives, except mercury fulminate. In order to insure the 
maximum stability of a given propellant composition, a 
stabilizer is included. 

(4) Potential. The ballistic effect of a propellant, sometimes 
termed its ballistic potential, is an important characteristic 
for which it is designed. The ballistic effect is a function of 
the absolute value of the quantity of heat produced and the 
absolute value of the quantity of gas produced. 

(5) Density . Absolute density is seldom critical in small arms 
and artillery propellants, since they arc seldom used at maxi- 
mum density. However, this characteristic sometimes is of 
importance in propellants used for jet propulsion. 

(6) Ilygroscopicity . As nitrocellulose is distinctly hygroscopic, 
propellant compositions containing this material tend to be 
hygroscopic. This is an undesirable characteristic, since 
change's in moisture content cause changes in ballistic effect. 
Furthermore, the rate of deterioration of a propellant Is 
proportional to the amount of moisture it contains. 

(7) Volatility . Unduly volatile ingredients are not used in the 
manufacture of propellant compositions, but when propel- 
lants arc manufactured by a volatile solvent process, the 
solvent cannot be removed completely by drying. This 
residue of volatile matter is an undesirable feature of the 
propellant and must be kept constant, if ballistic effects are 
to remain unchanged. Compositions containing nitroglyc- 
erin and made without a volatile solvent are considered to be 
undesirably volatile under certain conditions. In such cases, 
the effects on the rate of burning and its acceleration are 
very marked. 

7. Classifications of Military Explosives and Propellants 

a. From the viewpoint of chemical composition, military explosives 
can be divided into three classes as outlined in (1) through (3) below. 

(0 Inorganic compounds, such as lead azide and ammonium 

nitrate. 

(2) Organic compounds that include the chemicals outlined in 
(a) through ( e ) below. 

(а) Nitric esters, such as nitroglycerin aud nitrocellulose. 

(б) Nitro compounds, such as TNT and picric acid. 

(c) Nitramines, such as haleite. 

{<£) Nitroso compounds, such as tetracene. 
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(e) Metallic derivatives, such as mercury fulminate and lead 
styphnatc. 

(3) Mixtures of oxidizable materials (fuels) and oxidizing agents 
that are not explosives separately. Black powder aud pyro- 
technic compositions are examples of this class. 

b. It is to be noted that nitrogen is present in practically all explo- 
sives of any of the three classes. While there are numerous chemical 
compounds and mixtures of compounds that contain no nitrogen and 
have explosive properties, from a practical viewpoint, the chemistry 

of explosives is that of nitrogen compounds. 

c. With respect to functioning characteristics as used, explosives 

and propellants can be classified as described in (1) and (2) below. 

(1) Burning explosives, which undergo autocombustion, such as 
black powder, pyrotecluiic compositions, and colloided 

nitrocellulose. 

(2) High explosives which undergo detonation. 

(а) Initiating agents, which arc caused to detonate by spark, 
friction, or impact and can initiate the detonation of rela- 
tively insensitive explosives. Examples are lead azide and 
mercury fulminate. 

(б) Noninitiating explosives that must be detonated by an 
initiating agent. These are comprised as described in 1 

through 3 below. 

L Booster explosives, such as tetryl and PETX, that are 
easily initiated and detonate at high rates, but are not 
suitable for loading in large masses. 

Bursting charge explosives, such as TNT and explosive 
“D,” that must be initiated, usually by means of a 
booster explosive, and which can be loaded en masse. 



d. It. is by utilizing the special characteristics of explosives in each 
of these classes that it is practicable to establish the “explosive train 
in ammunition. An example of this is the initiation by a percussion 
firing pin of a priming composition which, in turn, detonates a charge 
of lead azide. This initiates the detonation of a booster charge of 
tetryl and this , in turn, causes the detonation of a surrounding bursting 
charge of TNT. 

8. Care and Precautions in Handling 

a. Although explosives arc considered hazardous materials, and 
there is a long history of accidents involving their manufacture and 
use, they can be handled and transported with safety. The excellent 
record of the explosives industry during the past half century, which 
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is much better than those of some supposed^ less dangerous occupa- 
tions, is attributable, in part, to the use of carefully designed buildings 
and equipment and, in part, to the training of personnel in accordance 
with stringent safety regulations. These designs and regulations have 
the primary objective of preventing human injury or fatality and the 
secondary objective of minimizing property damage in case of accident. 

b. In addition to explosive hazard, explosives also represent varying 
degrees of toxicity hazard when inhaled, ingested, or absorbed through 
the skin. Because of this and the fact that, dust-air mixtures present 
additional explosion hazard, explosives should be handled under 
conditions of good ventilation, so that dust-air mixtures cannot be 
formed. Prevention of the spark discharge of static charges of 
electricity also should be insured by proper grounding devices. 

c. The inhalation of vapors of nitroglycerin or the nitrated glycols 
can cause severe headache, and some individuals are sensitive to very 
small amounts of such materials. The inhalation of the dusts or 
vapors of nitro compounds such as TNT and picric acid has been 
known to have fatal effects. If practicable, explosives should always 
be handled in well-ventilated places. 

d. Effects of contact of the skin with explosives vary from simple 
discoloration to dermatitis and from headache to poisoning, because of 
absorption through the skin. The hands should be dry when handling 
explosives, as moisture increases the absorption through the skin. 
After handling small quantities of explosives, the hands should be 
washed thoroughly, preferably with a dilute solution of sodium sulfite 
and then with water. If exposed to contact with explosives through- 
out the day, the worker should bathe and change clothes. 

e. Since they represent explosion hazards because of their character- 
istic of sensitivity, explosives must be handled with care proportional 
to their relative sensitivity. For this reason, the degree of sensitivity 
of a new or unknown explosive should be determined before anything 
else is done with it. The outcome of sensitivity tests then will deter- 
mine in what quantity and under what conditions the material should 
be handled. The more sensitive the explosive, the smaller this quan- 
tity that should be handled at one time and the greater the precautions 
to be taken to prevent injury and damage in case of accidental explo- 
sion. It should be home in mind that sensitivity is a characteristic 
involving initiation by any form of applied energy, regardless of 
whether by friction, compression, shock, mechanical, thermal, 
chemical, or electrical sources. 

j. Because of the very real danger from fragments, the more sensitive 
explosives should not be handled in glass vessels when dry and only 
behind a barricade when this is necessary. Metal vessels are 
dangerous, if the explosive can react with the metal to form a sensitive 
compound. Metal spatulas, scoops, etc., should not be used for 
handling explosives, rubber articles being preferable. 
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g. The nervous reaction of the individual working with explosives is 
of great importance. The extremely nervous, “jumpy” individual is 
not compatible with sensitive explosives nor is the hurried worker. 
A slightly phlegmatic disposition and a consciously deliberate attitude 
are excellent complements to close observance of standard safety 

regulations. 
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SECTION III 


CHEMISTRY OF EXPLOSIVES AND 

PROPELLANTS 


9. Atoms and Molecules 

a. An element is a substance that cannot be decomposed into two 
of more substances by chemical means. The elements, therefore, are 
the simplest chemical substances and 98 naturally occurring elements 
are Jmown. Oxygen, silicon, aluminum, iron, and calcium are those 
most abundant in the crust of the earth and oxygen, carbon, hydrogen, 
nitrogen, arid calcium are those most abundant in the human body. 
Many of the elements present on the earth have been found to be 
present elsewhere in the solar system. One element, helium, was 
first identified as a material present in Ihe sun and later found present 
on the earth. 

b. An atom is the smallest unit of mass of an element that can 
participate in chemical changes, there being as many different kinds 
of atoms as there are elements. The relative weights of atoms of 
different elements are known as atomic weights. The atoms of the 
same element do not necessarily have the same weight. Atoms of 
same clement, but of a different mass are known as isotopes. For the 
purpose of establishing atomic weights, oxygen has arbitrarily been 
assigned an atomic weight of 16. In this system, the atomic weight 
of hydrogen, the lightest of the elements, becomes 1.008. An atom 
of hydrogen has been found to weigh 1.67 x 10~ 24 gram. While 
an atom is the smallest particle of an element that can be isolated by 
chemical methods, it. has been found that each atom is composed of 
subatomic particles. An atom of hydrogen can be thought of as a 
nucleus around which revolves one negatively charged electron that 
has 1/1845 of the weight of the atom. Helium has two electrons 
revolving about and at the same distance from the nucleus. As no 
more electrons are found at this distance from the nucleus of auv 
atom, these two electrons constitute the first electronic shell of the 
atom. Lithium has three electrons, two of these constituting the 
first shell and one in an outer shell that can contain as many as 8 
electrons (fig. 1). The heaviest atoms have outer electronic shells 
containing 18 and 32 electrons. The total number of electrons 
surrounding the nucleus of an atom is termed the atomic number of 
the clement. The number of electrons that can be gained or lost by 
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an out( , r shell io form an ion , containing only completed shells or no 
Xll in the case of hydrogen, determines the combimng power or 
valence of an element. Hydrogen and lithium conscquently have 
combining power. Helium, with two electrons, has a fnU shell and 
hence has no chemical combining power. Helium, neon, argon, 
krypton xenon, and radon are the “inert elements. The nucleus 
of the atom consists of positively charged proions and uncharged 
neutrons, except in the case of hydrogen which consists of a proton 
only Deuterium, an isotope of hydrogen, has a proton and a neutron 
in its nucleus. Therefore, since the mass of a proton and a neutron 
aTe almost the same, deuterium has approximately twice the mass of 
an ordinary hydrogen atom. An atom olhelium consists of “ 
with two protons and two neutrons and two electrons The total 
number of electrons in an atom is equal to the number of protons m 
its nucleus, and the sum of the number of protons and neutrons is 
termed the mass number of the element. Since the mass of a proton 
is very nearly the same as that of a neutron, the mass number has 
almost the same value as the atomic weight. So small are protons, 
neutrons, and electrons that, like the solar system, most of the volume 
of an atom is space. For example, the diameter of a gold atom is 

approximately 100,000 times that of its nucleus. , ■ , 

r When atoms combine with each other there is formed a chemical 

entity termed a molecule. If two or more atoms of the Mime element 

combine, there is formed a molecule of the element. 

oxygen (0 ; ) , hydrogen (HD, nitrogen (N 2 ), phosphorus (1 ,), and sulfur 

(S,)! the subscript denoting the numlier of atoms in the elemen 
molecule. If two or more different atoms combine, there is formed a 


1 + 

on 


2 + 
2n 


3 + 
4h 


HYDROGEN 


HELIUM 


O 


LITHIUM 


n 

© 


—ATOMIC NUCLEUS 


—PROTON 

—NEUTRON 

—ELECTRON 


RAPD 167351 


Fig urn 1. Structures of atom s. 
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molecule of a chemical compound. Examples are sodium chloride 
(NaCl), waLer (II 2 0), and sulfuric acid (H 2 S0 4 ). Molecules are 
formed by an atom of an element “sharing” one or more outer electrons 
with another atom or transferring one or more outer electrons to 
another atom, as in the case of sodium chloride (fig. 2). Some 
metallic atoms, such as sodium or potassium, have a great tendency to 
give away outer electrons, while some of the most active nonmetallic 
elements, such as chlorine and bromine, do not readily give away but 
readily accept electrons. This explains why two such active elements 
as sodium arid potassium do not react with each other but react, 
readily with chlorine. While elemental molecules containing more 
than 8 atoms are not known, chemical compounds containing more 
than 100 atoms of two or more elements are known to exist. 



SODIUM CHLORIDE (NoCI) RA PD 167352 

F igure 2. Reaction between sodium and chlorine. 


10. Chemical Formulas 

a. A symbol has been assigned for each element and represents an 
atom of I hat element. These symbols arc abbreviations of the names 
(English or otherwise) of elements. The names, symbols, atomic 
weights, and atomic numbers of the elements involved in military 
explosives and their manufacture are given in table 1. 

b. A chemical formula represents a molecule of a substance. It 
win tains the symbols of the elements present and numerical subscripts 
to show the number of atoms of each element. If only one atom of an 
indicated element is present, the subscript is omitted. Thus, 0 2 
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Table I. Symbols, Atomic Weights, and Atomic Numbers of Elements 

i T ~ 


Element 


.•iitbfil 

i 

Atomic weight 

Atomie 

number 

At 

26. 97 

13 

Sb 

121. 76 

51 

Pa 

137. 36 

56 

B 

10. 82 

5 

C 

12. 01 

6 

Cl 

35. 457 

17 

II 

1. 008 

1 

Pb 

207. 21 

82 

Mr 

24. 32 

I 

12 

Mn 

54. 93 

25 

TTr 

200. 61 

80 

X 

14. 008 

7 

0 

16. 000 

! 8 

K 

39. 096 

19 

Na 

22. 997 

11 

Sr 

87. 63 

38 

S 

32. 066 

16 


represents a molecule of oxygen composed of two atoms, H«0 a 
molecule of water composed of two atoms of hydrogen and one atom 
of oxygen, NaCl a molecule of sodium chloride composed of one atom 
each of sodium and chlorine, etc. Such formulas are known as empiri- 
cal formulas/ since they indicate composition but not structure. 
However, (here are many cases in which two or more chemical com- 
pounds have the same empirical formula but different, structures. In 
such cases, it is usual to name the compound or give its structural 
formula, in order to avoid confusion. Examples are as follows: 

Name Empirical formula SlTuctvral formula. 

o 

// 


Nitromethane 

CH a XOj 

H S C — N' 

\ 

O 

Met-hrl nil ritn 

CHaXQs 

HjC — O — ,\=0 

V 

A pptip n ci H 

CJItOa 

ij 3 o— c— o— n 

ilLO Lit. - — — — — — — — —— — — — — 

Methvl formate - — - -- 

_ C,ILO, 

A 

TIC O Cllj 

II 


The structural formula therefore indicates the manner in which the 
atoms of a molecule are related, as well as the number of each kind of 
atom present in a molecule. By multiplying the atomic weight of 
each element by the number of at-oms present and adding the quantities 
for the different elements, there is obtained the molecular weight of 
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the compound. From the molecular weight of a compound and the 
number of each species of atom present, the percentage composition 
of the compound can be calculated. If a molecule consists of only 
one element, the molecular weight is the product of the atomic weight 
and the number of atoms present in the molecule. 

11. Chemical Change or Reaction 

а. A chemical change is one in which changes in composition are 
involved and the products arc not the same substances as the reactants. 
In terms of the molecular and atomic theories, during a chemical 
change some or all of the atoms present change their molecular asso- 
ciations so as to form new products. Chemical reactions consist of 
the four general types described in (1) through (4) below. 

(1) Direct combination. Two or more substances combine to 
form a more complex substance. Examples arc: 

2 H 2 +0 2 2 H.O 

H0O+SO3 -* h 2 so 4 

(2) Decomposition. This is the reverse of combination, a mole- 
cule breaking down into two or more simpler substances that 
may be elemental or compound in nature. Examples are: 

2 HgO — > 2 Hg+0 2 

HC10 4 -> KCI+2O3 

CaC0 3 CaO+C0 3 

(3) Replacement. This involves the replacement of one kind of 
atom by another. Examples are: 

2A1+6HC1 — > 2AICI3+3II* 

2NaBr+Cl 2 2NaCl+Br 3 

(4) Double replacement. This involves changes in atomic part- 
nerships. Examples are: 

CaOH 2ITC1 ^CaCl 2 +n 2 0 

BaCL+HsSO* BaS0 4 +2HCl 

б. In terms of the electron theory, chemical reactions are classified 
as described in (1) and (2) below. 

(1 ) Reactions in which there is a transfer of electrons. This type of 
reaction includes the classes described in a{ 1) through (3) 
above. I11 recent years the terms reduction and oxidation 
have been extended to cover this type of reaction, even 
though oxygeu may not be one of the reacting substances. 

(2) Reactions in which there is no transfer of electrons. This type 
of reaction includes only those reactions classified in «.(4) 
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above, which differ from all other chemical reactions, in that 
no transfer of electrons is involved. This type is generally 
called a metathesis reaction. 

c. Every chemical change is accompanied by an energy change. 
If the products of reaction contain more energy than the substances 
from which they are formed, energy must be absorbed from some ex- 
ternal source, usually the absorption of heat from surrounding matter, 
and the reaction is termed endothermic . Tf the reaction yields prod- 
ucts containing less energy than the reactants, the excess energy, 
chiefly heat, is liberated ami the reaction is termed exothermic. The 
decomposition reactions of explosion liberate heat and therefore are 
exothermic. 

d. In all chemical reactions, the mass of the products of a chemical 
reaction is identical with that of the reactants. This constitutes the 
Law of Conservation of Mass, which may be stated as: In any closed 
system the mass of the inclosed substances remains constant whatever 
changes may occur within the system. 

12. Rate of Reaction 

a. The velocity of a chemical reaction is a function of the tempera- 
ture, pressure, and concentration conditions under which it is carried 
out. Increase in temperature or pressure lends to increase the rate 
of a reaction. If a reaction takes place in the presence of an inert 
diluent, such as water in a solution or helium in a gaseous reaction, 
the greater the dilution, the less the velocity of the reaction. The 
Law of Mass Action states that the velocity of a reaction is propor- 
tional to the concentration of the reactants. 

b. The velocity of a chemical reaction sometime* is increased by 
the mere presence of a foreign substance, which may remain unaltered 
when the reaction is complete. Such a foreign body is known as a 
catalyst and generally is effective when present in a relatively small 
amount. Catalytic agents, such as platinum, nickel, and chromium 
oxide, arc of great importance in modem industrial chemistry*. 
Enzymes are complex compounds, produced by the. living cell, that, 
catalyze chemical reactions in living organisms. 

13. Equilibrium 

a. Some chemical reactions do not go to completion under certain 
conditions, an equilibrium mixture of the reactants and products 
being formed when no further change in composition takes place. 
An example is — 

C 2 IT B OH CIT3.COOH— r 2 H 5 .OOC.CH 3 +ILO 

Ethanol Acetic acid Ethyl acetate Wafer 

The extent and direction of the reaction are determined by the con- 
ditions of temperature, pressure, and concentration. Such a reaction 
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is said to be reversible and, when equilibrium is achieved, the reactions 
are taking place at the same rate but in opposite directions. 

b. If the temperature of a chemical system at equilibrium is in- 
creased, the equilibrium will be displaced in the direction that favors 
the endothermic reaction to use up the energy supplied. In the 
formation of ammonia from nitrogen and hydrogen — 

N 2 +3H 2 ±^2NII 3 

heat is liberated. Therefore, increase in the temperature at which 
the reaction is carried out will decrease the proportion of ammonia 
in the reaction mixture. Ihe effect of change in pressure is deter- 
mined by which of the two reactions favors a reduced number of 
gaseous molecules. In the case of the ammonia — nitrogen — hydrogen 
equilibrium, the formation of ammonia reduces the number of mole- 
cules of gas. If pressure on the system is increased, formation of 
ammonia tends to reduce the stress on the system and so takes place. 
From this it may be said that the effect of Increase in pressure is to 
force the equilibrium in the direction representing the least internal 
stress. Under constant temperature and pressure conditions, an 
equilibrium is affected by the relative proportions of the reactants 
and their concentrations, if the reaction is carried out in the presence 
of an inert diluent, such as water in a solution or helium in a gaseous 
mixture. In the reaction between elhanol and acetic acid shown 
above, a balanced reaction requires the presence of one molecule of 
each of the reactants. If either of the reactants is in initial excess, 
the effect on the extent of ethyl acetate formation is shown bv table 

II. 

Table //. Equilibrium in the Reaction Between Acetic Acid and Ethanol 


Molecules presenter 

Molecules of 
ethyl acetate 
formed 

! 

Percent of 
theoretical yield 
of ethyl acetate 

1 

A ec tic acid 

! Ethanol 

1.0 

• 

! 

0. 05 

! 

0. 05 

100. 0 

1. 0 

0. 18 

0. 171 

95. 0 

1. 0 

0. 33 

0. 293 

88. 9 

1.0 

0.50 

0. 414 

82.8 

1. 0 

1. 00 

0.667 

66.7 

1. 0 

2. 00 

0. 858 

85. 8 

1. 0 

& 00 

1 

j 

0. 966 

i 

96. 6 


From this it is apparent that an equilibrium reaction can be shifted to 
completion or near completion, with respect to one of the reactants, 
by the presence of a large excess of the other reactant. 

c. The presence of a cat alyst, which affects the rate of an equilibrium 
reaction, has no effect on the equilibrium attained. It affects only 
the time in which equilibrium is attained. 
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1 4. Structure and Classification 

a. As indicated in paragraph 106, the identity of a compound 
depends upon the manner in which the atoms in the compound are 
attached to each other, as well as the number of atoms of each clement 
present. Governing such attachments of atoms is the combining 
power or valence of each element. In the simplest terms, the valence 
of an element may be considered the number of atoms of hydrogen 
or its equivalent with which the element combines, oinee no -ether 

values of the elements chiefly involved in military explosives are 

TTl silrmtr with crnnnnmids illustrating valence effects. 


Table III . The Valency of Elements 


Mercury 


Potassium _ 
Magnesium- 
Nitrogen 1 - _ 


Elen 1 wit 

Valence 


— - — i 

Aluminum-- .. - 

3 

AlCb 

R pm uni 

2 

BaH 3 

Carlioii - _ _ -- .. 

4 

CHi 


2 

CO 

ChloriDO * 

1 

HC1 


7 

KCIO 4 

Hydrogen 

1 

■ 

1 


Compound 


1 

2 

1 

2 

3 

5 


ngci 2 

KH 


-IS 

Nib, 
NH*C1 


Aluminum chloride 

Barium hydride 

Methane 

Carbon monoxide 

Hydrochloric arid 
•* 

Potassium perchlorate 

Mercurous chloride 
Mercuric chloride 
Potassium hydride 
Magnesium chloride 
Ammonia 

Ammonium chloride 


Sodium — — 

1 

1 ! 

NaH Sodium hydride 

Oxygen 

2 

II s O Water 

Lead. .... 

2 

PbOlo Lead chloride 


2 

S1>jSj Antimony sulfide 

Sulfur * — — 

4 

SOj Sulfur dioxide 


6 

SO 3 Sulfur trioxidc 


8 

SO* Sulfur tetroxide ■ 

Strontium 

2 

1 

SrCt Strontium chloride 


' It Is to be notol that some element'; such as earbon, chlorine, mercury, nitrogen, and sulfur can have more 
than one TOlcnue in the formation of compounds. 


6 . It has been found that compounds containing certain groupings 
of atoms occur frequently and that classes of compounds established 
by such groups have common characteristics and reactions. The 
groups of major interest in connection with explosives and their 
structures arc shown in table IV. 

c. Most of the standard military explosives are organic compounds, 
that is, compounds containing the element carbon. The inorganic 
military explosives include lead azide (PbNs) and ammonium nitrate 
CNH 4 NO 3 ). The organic explosive compounds include mercury 
fulminate Hg(ONC) 2 , a metallic salt of fulminie acid (H — O — N=C). 
Most of the organic explosive compounds consist of groupings of 
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Table I V. Chemical Groups and Their Sit vdut ts 



Kit rate. 


Nitrite 


Nitro 


Nitroso__ 

Azide 

Diazo 

Fulmime. 


Ammonium 


Shown as 


NOj 


no. 


no 2 


NO 

N 3 

n 2 

ONC 


NH 4 


Structure 


+ /" 
■N 

\ 


C-6— N=oJ 

r o“i+ 

+/ 

— N 

\ 

L OJ 

— N=0 
-N=XsX 
— N=N — 

0 — N— O 


H 

t + 

N- IT 


Amino. 


Imino 

Hydroxyl or Phenolic. 


Methvl 


Methylene 


Benzene. 


NH S 

-N X 

\ 

NH 

=n— n 

OH 

H 

1 

ch 4 

! H — C — 


H 

CH. 

H 

-o' 

\ 


C*H, 


H 

H TI 

C— C 

H- cf ^C— H 

\-c/ 


H H 
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carbon and hydrogen or carbon, hydrogen, and nitrogen in which one 
or more hydrogen atoms have been replaced by nitrate, nitro, nilrose, 
or diazo groups. Examples are shown in table V. 

Table T'. Organic Explosive Compounds and Their Derivation 


Explosive 


Nitroglycerin CsH&(N0 3 ) 3 

Trinitrotoluene CvHsCXO-)* 

Tetryl C*H 2 (N0 2 ) 3 .N 


CIT : 


\ 


TVriretL from 


C a H s Propane 

C*H 5 .CIT a Toluene 

CgHj.N H . cr 4 . _ . Met hylanilinc 


Haleite 


Nitroguauidine 


Ammonium pkrale__ 


X0 3 

CjHrfNII.NOs), 

xrr 2 

/ 

HN— O 

\ 

NH.NOa 
CbTT 2 ( NOab-O.NIli 


C*H 4 (NII 2 ) 2 ___ 

nit 2 

/ 

HN- c 
rjii.OH._-. 


.. Ethvlencdiamine 


Guanidine 


Phenol 


15 . Chemical Activity 

a . The standard military explosives are somewhat reactive and pre- 
cautions must be taken to prevent their reacting with other materials 
(see par. 6a(9). Lead azide reacts with copper in the presence of 
moisture and carbon dioxide to form the extremely sensitive and 
dangerous compound topper azide. Ammonium nitrate reacts with 
iron or aluminum in the presence of moisture to form ammonia and 
the. oxide of the metal. TS T reacts with alkalies to form dangerously 
sensitive compounds. Picric acid readily forms metallic compounds, 
some of which are dangerously sensitive. Haleite reacts with water 
under certain conditions with the formation of acid and with certain 
metals in the presence of water to form metallic compounds. RDX 
can react with alkalies. Nitrocellulose reacts with water at a rate 
determined by temperature and with alkalies or acids at grea ter rates. 
Because of these tendencies to undergo reaction, military explosives 
generally are loaded in ammunition so as to contain essentially no 
moisture and not be in direct contact with metal other than that 

fonning part of an explosive mixture. 

b. One form of chemical reactivity of explosives is that of spon- 
taneous decomposition. While most military explosives are almost 
completely stable at ordinary temperatures, mercury fulminate de- 
teriorates rather rapidly at ordinary or slightly elevated temperatures. 
This has been an important consideration in its replacement by the 
very' stable lead azide. Nitrocellulose has been found to undergo 
decomposition at ordinary temperatures even when highly purified 
and free of moisture. Although d composition is very slow under 
these conditions, this undesirable characteristic dictates careful 
surveillance of propellants containing nitrocellulose. 
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SECTION IV 

PHYSICS OF EXPLOSIVES AND PROPELLANTS 


16. General 

a. The universe consists of matter and energy distributed through- 
out spare. Once thought to be entirely separate and nonconvertible 
entities, it is now known that matter and energy are the same thing 

in different forms. Matter can be transformed into energy in accord- 
ance with the equation- 

E=mc 2 

where E is energy in ergs, in is matter in grams and c is the velocity 
of light, in centimeters per second (fix 10 111 ). Such a transformation 
involves changes within the atom and is the basis of the functioning 
of the atomic bomb. It has no significance in connection with the 
transformation of conventional explosives. 

b. Matter may be defined as that which occupies space and possesses 
mass. The mass of any material object is proportional to its weight. 
Because of tin 1 wide range of properties of various hums of matter, it 
is not practicable to formulate a more particularized definition. 

c. Energy is the capacity to do work. Unlike mat ler, it does not 
occupy space or possess mass. Heat, ligh I , electricity, and the motion 
of matter are forms of energy. The energy of a moving body is termed 
kinetic energy, while the chemical energy possessed by substances and 
that due to the elevated position of bodies is known as potential 
energy. Energy in the form of heat or light is classed as radiant 
energy and consists of units called photons or quanta, which correspond 
to the atomic units of matter. Electricity is a form of energy repre- 
senting the stripping away of loosely held electrons from atoms. 

1 7. Phases of Matter 

a. Matter exists in three states: solid, liquid, and gaseous. These 
states are not separated by sharp lines of demarcation, but overlap, 
the particular state that the matter assumes being dependent upon 
the temperature and pressure to which it is subjected. 

b. A solid is a body of matter that resists any force tending to 
change either its shape or volume and, therefore, possesses elasticity 
of both shape and bulk. It is characterized by small mobility of its 
molecules and the possession of surfaces of distinct outline on all sides. 
Solids are generally classified as crystalline or amorphous. A crystal- 
line solid is one in winch the atoms or molecules are arranged in some 
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definite order, constantly repeated. As a result, when such a body is 
formed from its liquid condition, the solid particles tend to occur in 
definite geometrical forms called crystals. Amorphous solids, such 
os glass, are not characterized by regularity of molecular arrangement 
and d o not form particles with geometric forms. When a pure crystal- 
line solid is heated to a definite temperature, called the melting point, 
there is a sharp change to the liquid state. When an amorphous solid 
is heated, it gradually softens, becomes mobile, and eventually ac- 
quires the properties characteristic of a liquid. An amorphous solid 
may be considered as a liquid having great viscosity and rigidity. 

c A liquid is a body of matter that lias no elasticity of shape and, 
therefore, takes the shape of the containing vessel. Like a solid, 
it resists an} 7 force tending to change its volume, but offers little 
resistance to a shearing force. A liquid is charact erized by consider- 
able mobility of its molecules and the possession of a distinct upper 
surface, usually of meniscus shape. Liquids are distinguished by 
the existence in their free upper surface of a characteristic known a.s 
surface tension. A liquid is not characterized by regularity of molec- 
ular arrangement ami is unable to retain physical equilibrium when 
subjected to a shearing force, and tends to flow. When cooled, a 
liquid becomes a solid at a definite temperature, which is termed the 
freezing point and is essentially the same as the melting point of the 
solid, if the solid is crystalline. The transition is gradual and indefi- 
nite, if the solid is amorphous. If a liquid is heated under constant 
pressure and is a pure material, it. is converted at a definite tempera- 
ture termed the boiling point , into a gas without further change in 

temperature in spite of continued heating. 

d. A gas is a body of matter, the atoms or molecules of which are 

held together only by the fiction of external force. It. has no elas- 
ticity of shape, takes the shape of its containing vessel, ami does not 
have the nearly fiat upper surface characteristic of liquids. A gas 
offers resistance to a force tending to decrease its volume, but none to 
the increase of its volume. Unlike solids and liquids, gases have 
great elasticity of volume and are compressible. A gas is character- 
ized by almost perfect mobility of its molecules and offers very little 
resistance to a shearing force. The distinguishing characteristic of a 
gas is its tendency to till all available spaee (expand). Any gas mixes 
with anv other gas with great ease and, in some cases, can pass through 
solids impermeable to liquids. 

1 8. Mixture, Emulsion, Suspension, Colloid, and Solution 

a. Solids, liquids, and gases are capable of forming a variety of 
mixtures within their own classes and between classes. Certain 
types of these mixtures are of considerable practical or theoretical 
importance. The mixtures are all physical mixtures, those involving 
no chemical change or loss of identity by molecules. 
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b. A mechanical mixture* consists of two or more solids, tlie particles 
of which are distributed among one another, so that, portions of the 
same weight taken from different locations in the mixture contain 
approximately the same number of particles of each ingredient. 
The classic example of a mechanical mixture is that, of iron filings and 
sulfur, which can be separated into its ingredients by means of a mag- 
net or caused to undergo chemical reaction by heating. 

c. An emulsion is a physical mixture of immiscible liquids, compa- 
rable with a mechanical mixture of solids. When two such liquids are 
shaken or beaten together vigorously, one of these is broken up into 
smaller and smaller drops . which are dispersed more or less uniformly 
throughout I hi* other liquid. Such a mixture is known as an emulsion. 
Tn many cases, cessation of shaking or beating results in coalescence of 
the droplets, because the surface tension of these makes a large drop 
more physically stable than a small one. The addition of an emulsi- 
fying agent results in the formation of a membrane or film around 
each droplet so that the emulsion is stable when shaking is stopped. 
In the preparation of mayonnaise dressing, oil is dispersed in vinegar 
by beating. An egg is added and beaten into the mixture. This 
acts as an emulsifying agent, by coating the oil droplets. 

d. A suspension is a nearly uniform physical mixture of a solid and a 
relatively large amount of a liquid, the distribution of the solid 
throughout the liquid being maintained by agitation or by existence 
of the solid in very small particles llial do not set lie oat or do so very 
slowly. If very finely powdered sand is added to sufficient water to 
form two layers and the mixture is stirred, suspension of the sand in 
the water is obtained. The essential difference between a suspensoid 
and an emulsoid is that in the latter, the particles are penetrated by 
the dispersion medium, becoming swollen and even fluid in the presence 
of a sufficiently high ratio of dispersing medium lo solid. 

e. A colloid is a special case of a suspension, the particles of one 
form of matter being unable to settle out of another, even though of 
density different from that, of the suspending medium. Colloidal 
particles are molecular aggregates, having diameters of only 0.000001 
to 0.0001 mm. When dispersed in another form of matter, < hey remain 
in this dispersed condition. While foams, fogs, emulsions, and smokes 
represent, colloidal suspensions of gas in liquid, liquid in gas, liquid in 
liquid, and solid in gas, respectively, the colloidal suspension of solids in 
liquids is of greater interest in the explosives field. In such colloids, 
the solid is kept in suspension by the presence of the particles of 
electrical charges that tend to repel the particles from each other, the 
presence on the particle of films of adsorbed solvent, and the con- 
tinuous stirring effect oil the liquid resulting from the Brownian 
movement of the colloidal particles. 

j. A solution is the ultimate in physical mixtures, being a uniform 
molecular mixture of substances. It is distinguished from a colloid 


in that the largest individual particle present in a solution is a mole- 
cule. However, some macromolecules are too large to yield true 
solutions, and form a colloidal dispersion, even in dilute solutions. 
Although most familiar with solutions of solids in liquids, liquids and 
gases also may form solutions in liquids. Solids dissolve in solids, 
examples being certain alloys said to represent solid solutions. In 
some cases, gases dissolve in solids, an example being this solution of 
more than SCO volumes of hydrogen in 1 volume of palladium under 
certain conditions. The ability of all gases to dissolve each other 
has been mentioned previously. 


19. Gas Volume 

a. Avogadro’s hypothesis, a basic theorem in chemistry, states: At 
the. same temperature and pressure, equal volumes of all gases con- 
tain the same number of molecules. Avogadro’s number, 6.02 x 10“, 
is the number of molecules in a gram-molecule of matter (the number 
of grams equal to the molecular weight). As a logical consequence 
of the hypothesis, it has been found that the volume of a gram- 
molecular weight of gas, measured at standard temperature and 
pressure, is 22.414 liters. This is known as the gram -molecular 
volume. The standard conditions referred to are a temperature of 
273.16° K {0° C.) (32° F.) and a pressure of 760 mm of mercury 
(one atmosphere). 

b. The gram-molecular volume of 22.414 liters holds only for an 
ideal gas. Real gases have values that deviate somewhat from this; 
but the deviations have been determined for the common gases and 
aDDronriate corrections can be made in calculations. 
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20. Gas Pressure 


a. The peculiar nature of gas pressure is best shown by the fact that 
this pressure is exerted uniformly in all directions. If there is con- 
sidered a sealed cubical container (died with gas at standard tempera- 
ture and pressure, the gas can be visualized as consisting of molecules 


relatively far apart and moving with great speed. This motion is in 
a straight line until the molecule collides with another molecule of the 
gas or with the wall of the container, when the molecule rebounds 
with such perfect: elasticity that there is no loss of motion. The 
motions of the molecules are random, but the number of molecules 
is so enoimous that the number moving in any one direction will be, 
on the average, the same as that moving in any other direction. 
Consequently, the number of molecular impacts on a unit area of any 
of the inner surfaces of the container will be the same and the pressure 
effect of these impacts will be uniform in all directions. In order to 
assist in this visualization, it is to be noted that at 0° C., molecules 
of hydrogen move with a velocity of ib-mile per second and, at 20° C. r 
ft single hydrogen molecule collides with other molecules 10 million 
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times per second. The illustration presented above is that based on 
the kinetic — molecular theory. 

b. If a given sample of gas is maintained at constant volume and 
temperature, the gas maintains its pressure indefinitely. This 
indicates the perfect elasticity of the gas molecules. A perfectly elas- 
tic body is one that develops no friction on contact with another body 
and loses none of its kinetic energy by transformation into heat. 

21. Temperature 

a. For each degree centigrade change in temperature, the volume of 
an ideal gas changes very closely to 1/273 of its volume at 0° O. At 
absolute zero (0° K or —273.10° C), gas molecules theoretically are at 
rest and have no pressure effect. If energy in the form of heat is 
absorbed by the molecule, motion begins with a velocity proportional 
to the energy absorbed. The absorption of additional increments of 
energy results in corresponding proportional increases in the rate of 
motion of the molecule. Temperature ordinarily is thought of in 
terms of hot or cold, as indicated by human sense perception, but it is 
to be remembered that everything on earth is relatively hot on the 
absolute temperature scale. We may, therefore, say that the absolute 
temperature is a measure of the kinetic energy of the molecules of a gas. 

b. The critical temperature is that, temperature above which the 
gaseous form of a substance cannot be liquefied, no matter how much 
pressure is applied. The minimum pressure required to cause lique- 
faction at the critical temperature is termed the critical pressure. 
The volume occupied by a gram molecular weight of a gas or liquid at 
the critical temperature and pressure is termed the critical volume. 

22. Gas Laws 

a. Boyle’s Law covers the effect of change in pressure on the volume 
of a gas and states that, at constant temperature, the volume of a gas 
is inversely proportional to the pressure. This may be stated mathe- 
matically as: 

1 

vo c — 

P 

where v* is the volume and p the pressure. 

b. Charles’ Law covers the effect of change in temperature on the 
volume of a gas and states that, at constant pressure, the volume of a 
gas is directly proportional to the absolute temperature. Absolute 
temperature is expressed in °Kelvin (° C. —273.16). This relation- 
ship is expressed as: 

v oc T 

c. From these two laws it Is apparent that if the volume of a gas is 
kept constant and the temperature is increased, the pressure will he 
increased. Then at constant volume, pressure is directly propor- 
tional to absolute temperature, or — 

p oc T 
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The first, two equations may be combined to give — 

T 

v oc — 

p 

and introducing a porportionality factor — 

T 

v— a — 

P 

or pv=a T 

If this equation is applied to one grain-molecular weight of gas, the 
molar gas constant, R, may be used instead of the constant a and V is 
used instead of v. The equation is made more general by introducing 
the factor n, which indicates the number of gram-molecular weights 
involved in any given case. Then Lite expression for the ideal gas 
laws is — 

pv=nRT 

and when n =1, pY=RT 

This expression is in agreement with Avogadro’s hypothesis, according 
to which, equal volumes of gases at the same temperature and pressure 
contain the same number of molecules. The numerical value of the 
constant R depends upon the units used for expressing volume and 
pressure, and the work done in effecting change in volume can be 
calculated to the basis of the energy required to do such work. The 
numerical valla's for R are found to be as follows per degree per mole 
(gram-molecular weight) : 

0.08205 liter-atinospliercs 
8.314 joules 
1.9864 calories 

In calculations involving the gas laws, if is usually convenient to 
express R in liter-atmospheres; in electrochemical calculations, R is 
best expressed in joules; and in ihermoehemical calculations, R 
usually is given in calories. 

d. Only ideal or perfect gases have pressure-' volume relations in 
exact agreement with the equation pv=nRT. Deviations from this 
are ascribable to the electrical attractive forces between molecules and 
the incompressibility of the molecules as compared with the gas as a 
whole. The molecular attractive force increases any pressure effect 
and so tends to decrease volume; while the effect of the incompressi- 
bility of molecules, as such, is in the opposite direction. As a result, 
real gases are more compressible than a perfect gas at low pressures 
and less compressible at high pressures. At some intermediate 
pressure, the two effects counter balance and the gas follows the 
relation pv =RT over a small range of pressures. Examples of 
deviations from the simple gas laws are shown by table VI, in which 
pressure is expressed in atmospheres arid volume in liters. 
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e. The deviations of real gases from the simple gas laws are expressed 
by van dor Waals’ equation — 

(P+a/v 2 ) (V— b)=RT 

where b repr< i sents the volume occupied by the molecules of the gas 
and a represents the attractive force between the molecules. At low 
pressures the value b is the more important, but at high pressures and 
small volumes the value a becomes important. Table VII gives a 
and b numerical values for gases representing products of explosion, 
the units involved being liters, atmospheres, moles, and degrees 
absolute. 

Table Vi l. Van Dcr Waals ’ Equation Cnnni ant a 
Gas 

Ammonia 

Methane 

Carbon monoxide 

Carbon dioxide 

Ilvdroccn 

Water 

Nitrogen 

Nitric oxide 

Nitrogen dioxide 

Oxygen 

Sulfur dioxide 

/. An equation that describes the relationships between the tem- 
perature, volume, and pressure of a gas is known as an equation of 
state. Because the equation of van der Waals is inconvenient to use, 
since it involves the solving of a cubic equation, other equations of 
state have been developed. That of Bcrthelot — 

Pv="« T [l+f|^'0-« T 1 )] 
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involves critical pressure, p c , ami critical temperature, T c , and is 
useful at moderate pressures. The equation 

pv=n RT+ a (v) p 

developed by M. A. Cook, where a(v) is the average covohmie of the 
products of explosion, is applicable at the high temperatures and 
pressures involved in explosions. The average covolume is the pro- 
portion of the gas volume occupied by the molecules themselves. 

23. Thermochemistry 

a. General. Thermochemistry is concerned wilh the heat effects and 
internal energy changes accompanying chemical reactions. As an 
explosion is always an exothermic (heat-liberating) reaction and gas 
is produced by all the standard as w ell as almost all other explosives, 
the thermochemistry of explosives affords a basis for calculating the 
pressure and work effects of explosives. The thermal units are the 
calorie (cal) and kilogram-calorie (kg cal). These arc the quantities 
of heat required to increase the temperature of 1 gram and 1 kilogram 
of water, respectively, from 15° to 10° C. For purposes of comparison 
and conversion, the following relationships between calories and other 
energy units are given: 

1 calorie— 4.185o international joules 
=4.1855 x 10 7 ergs 
=0.0413 liter-atmosphere 

b. Heat of For malum. When a compound is formed by the union of 
its elements, the reaction may require the input of energy or may 
result in Lhe liberation of heat energy. In the former case, the com- 
pound is said to have a negative heat of formation and, in the latter 
case, a positive heat of formation. As it is assumed that each of the 
elements has zero heat of formation, such reactions can be repre- 
sented as follows when the heats of formation and reaction are ex- 
pressed in kilogram-calories per mole. 

N,+ 2 H 2 =X 2 H 4 — 22.70 kg cal 

-22.70 

Ca+2 C=CaC 2 +14.6 kg cal 

+ 14.6 

c. Heat oj Combustion. As it is very difficult in many cases to form 
compounds directly from their elements and determine their heats of 
formation, it is necessary to derive such values indirectly. As many 
compounds are susceptible to combustion (oxidation), it is practicable 
to determine the heat of combustion and calculate the heat of forma- 
tion from this. An example is as follows: 

C+0 2 =CCM- 94.385 kg cal 

+94.385 

CO + I Oj = CO, +67. 957 kg cal 

| 94.385 


.131580' -5S 
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From this the heat of formation of carbon monoxide is calculated to be 
04.385—57.957 or 20.428 kg cal per mole. In the case of water, the 
heat of combustion of hydrogen is found to be — 

n 2 -i 1 0 2 -H 2 0 (liquid) +08.387 kg cal 
and the licat of formation of liquid water therefore, is 08.387 kg cal. 
However, the heat of liquefaction and cooling of gaseous water has 
been determined to he 10.501 kg cal per mole, so the heat of formation 
of gaseous water would be 68.387 — 10.501 or 57.826 kg cal and the 
equation for its formation would be- - 

H 2 +£ 0 2 =TTX) (gas) + 57.826 kg cal 
+57.826 

In making thermochemical calculations, therefore, it is necessary to 

CT’ • -* <j 

take into account the physical conditions of the reactants and products 
of reaction. Heals of combustion arc determined in a calorimetric 
bomb under conditions of constant volume. If the oxidation reaction 
were to take place under conditions of constant pressure, some of the 
energy liberated would be utilized for displacement of the air sur- 
rounding l-he reactants. Determination at constant pressure would 
allow for the differences between compounds, with respect to changes 
in volume, and make heat of combustion and derived heat of forma- 
tion values more di redly comparable. It- therefore is customary to 
determine heats of combustion at. constant volume, calculate this to 
constant pressure basis, and calculate from this the heat of formation 
at constant pressure. Since the volumes of solids and liquids are 
negligible as compared with those of their gaseous products of oxi- 
dation, and gaseous products are always formed from solid or liquid 
explosives, their heats of combustion at constant pressure are always 
less than those at constant volume. To convert the heat of com- 
bustion measured at constant volume to that at constant pressure, l-he 
gram-molecule increase in gas volume is multiplied by 0,582 kilogram 
caloric and then subtracted from the heat of combustion measured at 
constant volume. The result is the heat of combustion at constant 
pressure. An example is the combustion of dinitrobenzene — 

CJ+X2O, (solid) + 50, (gas)= 

6C0 2 (gas)+X 2 (gas) + 2H>() (liquid ) +704.8 kg cal 

From this it is seen Ihat the seven molecular volumes of gas formed 
represent an increase of two over the live of oxygen required for 
complete oxidation. The heat of combustion at constant pressure 
therefore is — 

704.8- (2) (0.582) or 703.634 kg cal 

This method gives only an approximation, due to deviations from the 
gas laws and the fact, that solids and liquids do not actually have zero 
volumes. 


d. Heat of Reaction . Since, from the equations in a through c 
above, the heat of reaction is equal to the difference bet ween the heat 
of formation of the product and the sum of the heats of formation of 
the reactants, it is practicable to calculate the heat of reaction, if the 
heats of formation of all the reactants and products of reaction are 
known. An example of this is the following: 

HjO (liquid) +.SO3 (gas)=H 2 SOd (liquid) 1-29.843 kg cal 

A statement of heal of combustion or reaction has little significance 
unless the temperature is stated or understood. It is necessary that 
all heats are referred to the same temperature, which is usually taken 
as 25° C. Temperature is important, since a reaction may he endo- 
thermic at room temperature, but exothermic at explosion tem- 
perature. 

e. Heat of Explosion. All military high explosives, except nitro- 
glycerin ami ammonium nit rale, and nil solid propellants are oxygen 
deficient, that is. they do not contain sufficient oxygen to convert all 
of the carbon and hydrogen present to carbon dioxide and water, 
respectively. Since they cannot utilize atmospheric oxygen during 
detonation or auto combustion, the products of explosion consist 
chiefly of mixtures of carbon monoxide, carbon dioxide, hydrogen, 
water, and nitrogen; and the heat liberated by explosion is less than 
that produced by complete combustion to carbon dioxide, watei, and 
nitrogen. An example is as follows. 80-20 amatol is an oxygen- 
balanced explosive that detonates according to the thermochemical 

reaction. 

2 1 \ Hi NO* + 2C 7 TT+s t A - 1 4 C0 2 l 47TLO (gas) + 24X* + 2 1 59.96 
1846.53 32.72 1321.39 2717.82 

kg cal 

This is equivalent to a heat of explosion of 1011.1 kg eal/kg and a, gas 
volume of 892.24 liters, /kg measured under standard conditions of 0° C. 
and 1 atmosphere pressure. 00-40 amatol, corresponds to the mollee- 

ular proportions 

1 7N HiXO s + 4(\H 5 X 3 O b 

and contains 75 percent of the oxygen required for complete oxidation 
of the carbon and hydrogen present. In order to determine the 
distribution of the available oxygen in the formation of products of 
explosion, advantage is taken of the “water-gas reaction’ equation 

CO H 2 0_ Tr 
C0 2 * H 2 1 

It has been found that the value of k varies with temperature above 
1,200° C-, being approximately 7.0 at the temperature ol explosion of 
the composition. If this also is used in the setting up of simultaneous 


34 


35 



equations, if is fount! that the equation for the explosion of 60-40 
amatol is — 

1 7NIT4NO3 f 4 C 7 TT 5 X-A - 

1494.81 05.44 

17C0+llCO 2 +3f)H 2 O (gas)-bSHH 23X ? +2009.24 kir cal 

449.53 1038.23 2081.74 

This is equivalent to a heat of explosion of 884.4 kg cal/kg and a gas 
volume of 858.33 liters /kg. By comparing these values with those for 
80-20 amatol, it is seen that lack of oxygen balance results in decrease 
in both heat of explosion and gas volume on a weight basis. The 
same method can be applied to propellants containing a number of 
compounds, by calculating the empirical formula of 1 kilogram and 
using this as a basis for deriving an equilibrium equation similar to 
that shown above for 60-40 amatol. In calculating the volume of gas 
produced, the water being gaseous, advantage can be taken of the fact 
that this is the same as if the explosive or propellant had been oxidized 
completely to carbon dioxide, gaseous water, and nitrogen, but only 

if appreciable amounts of methane, ammonia, or solid carbon are not 
formed. 

/. Temperature. The temperature developed by the products of 
an explosion depends upon the quantity of heat liberated, the volume 
of gaseous products of explosion, and the specific heat (at roust an I 
volume) of the products. No method for determining the maximum 
temperature of an explosion has been developed, and this value must 
be calculated. The best raelliod for ibis involves the solving of five 
simultaneous equations conforming with the hydrodynamic theory of 
< I donation (see par. 25). Application of this" method has given"the 
representative values shown in table VIII (par. 25). 

24. Ignition Temperature 

a. A combustible substance, such as wood or coal, must be heater! 
to a certain temperature before its reaction with the oxygen of the air 
proceeds so rapidly that the heat of combustion is sufficient to main- 
tain a temperature at which the reaction is self-sustaining and emits 
light. The minimum temperature required to bring about such self- 
propagating combustion is termed the kindling temperature of the 
substance, and if the burning substance is cooled below its kindling 
temperature, combustion ceases. The kindling temperature of a 
material may also be considered the minimum temperature at which 
the heat of reaction is liberated faster than it is conducted and radiated 
away. The kindling temperature of a material will vary somewhat 
will, conditions, particularly the state of subdivision of the material. 

b. Wlnle many military explosives and propellants contain sufficient 
oxygen to permit autocombustion, each must, bo heated to a minimum 
temperature for a period of time, before combustion can be self- 
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propagating. This is termed the ignition temperature, ami is gen- 
erally taken as the minimum temperature which will cause ignition 
within a 5-second interval. Experimental work has indicated that 
the ignition temperature of a high explosive corresponds rather closely 
with its prcbable boiling point, and that the? vapor phase is what 
actually undergoes ignition. As TXT, PETX, and picric acid have 
been found neither to detonate nor burn in a vacuum, it is probable 
that their boding points in a vacuum are lower than their ignition 
temperatures. 

c. The ignition temperatures of high explosives arc of relatively 
little practical importance, but those of propellants are important. 
Since propellants are used under conditions where they undergo 
burning, the lower the ignition temperature, the more rapidly will 
ignition take place and the more uniformly will burning progress. 

25. Theory of Deflagration and Detonation 

a. Deflagration. If a particle of an explosive is subjected to heat, 
so as to cause a rapid increase in its temperature, a temperature is 
reached at which the rate of exothermic decomposition becomes 
significant. At temperatures within the approximate range of 500° 
to 1 ,700° C., this decomposition involves volatilization from tliesurface 
prior to decomposition. The heat liberated by decomposition in- 
creases the rate of reaction, and the resulting rate of increase in 
temperature is exponential. At a certain temperature, characteristic 
of the explosive, the output of heat is sufficient to enable Ihe reaction 
to proceed and be accelerated without input of heal from another 
source. At this certain temperature, called the ignition temperature, 
deflagration begins. Deflagration is a surface phenomenon, willi the 
reaction products flowing away irom the unreacted material below 
the surface. Deflagration of all the particles in a mass of finely 
divided explosive can occur nearly simultaneously. In such case, the 
confinement, of the particles within the mass, because of the viscosity 
of the gasecHiis products, has the effect of increasing pnssure. Increase 
in pressure, in turn, has the effect of increasing rate of reaction and 
temperature. The final effect of deflagration under confinement is 
explosion, which may be violent deflagration or even detonation. In 
the case of low explosives such as loose black powder and pyrotechnic 
compositions, only violent deflagration can take place. Nitrocellu- 
lose propellants can undergo burning or, if confinement is sufficient, 
deflagration can become so rapid that detonation ensues. High 
explosives undergo a variety of reactions to intense heat, such as that 
of flame. Lead azide undergoes no initial deflagration, even at 
atmospheric pressure, while rliazodinitrophenol undergoes only defla- 
gration, un Less there is sufficient confinement to insure the develop- 
ment of some pressure during deflagration. Nitroglycerin in small 
quantity can undergo deflagration at atmospheric pressure, but if the 


37 



quantity is larger, deflagration produces so muck heat that detonation 
follows quickly. TNT can deflagrate even in large quantities when 
there is only slight confinement, but deflagration is followed by 
detonation if confinement is such that pressure of some magnitude 
can be developed. Even ammonium nitrate, a very insensitive 
material, can be caused to detonate if confinement is such that a 
pressure of 2,500 to 3,000 psi can be developed during deflagration. 
b. Detonation. 

(1) The hydrodynamic theory of detonation, based on physical 
theories of shock waves and (lie chemical theory of absolute 
reaction rates, utilizes the established laws of conservation 
of mass, energy, and momentum. As derived, the hydro- 
dynamic theory applies to explosives under complete con- 
finement or in the form of cylindrical cartridges or spheres 
of sufficient diameter that the material near the center of 
the mass may be regarded as completely confined. 

(2) By application of the three laws, there can be established 
three equations relating the five variables, pressure, density 
(volume" 1 ), temperature, detonation rate, and translational 
velocity of the gaseous molecules of the reaction products. 
An equation of state 

p v = n KT+a (v) p 

is used; and a fifth equation is obtained, by applying the 
physical principle that a shock wave pusses through a gas 
with a velocity equal to the sum of the translational velocity 
of the gas plus the velocity of sound in the gas at its final 
temperature and density. By solution of the five simul- 
taneous equations, the characteristics of a given explosive 
can be calcula ted. 

(3) iioin the information obtained through the hydrodynamic 
theory, a mechanism of detonation can be visualized (see 
fig. 3). After the detonator functions, a detonation zone, in 
which the chemical reaction is taking place, travels through 
the column of explosive. This detonation zone is generally 
considered to include a very narrow shock &me (10 -5 cm) or 
shock warn. Little or no chemical reaction occurs in this 
shock zone, but the pressure reaches its peak. The detona- 
tion zone includes not only this shock zone, but also the 
chemical reaction zone {0. 1-1.0 cm). Following this detona- 
tion zone are the detonation products. In front of the shock 
zone is the unreacted explosive in its original slate of densilv, 
pressure, velocity, and temperature. At or near the begin- 
ning of the chemical reaction zone, the high temperature to 
which the material is raised by compression in the shock 
zone initiates chemical reaction. Maximum density and 


pressure occur at the beginning of the reaction zone, while 
the temperature and velocity reach their peak at the com- 
pletion of the chemical reaction. The detonation products 
flow with great velocity, but of lesser degree than the 
velocity of the detonation zone, toward the undetonated 
explosive. This is characteristic of detonation in contra- 
distinction to deflagration, in which case the reaction 
products flow away from the unreacted material. The 
velocity of advance of the detonation zone is termed the 

detonation rate. 



DETONATION ZONE 



PRODUCTS CHEMICAL REACTION ZONE 


8— EXPLOSIVE PARTIALLY DETONATED 
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Figure 3. Progrexs <\f •Iftonotnyn through a column oi explosive. 


(4) As each individual molecule of explosive undergoes ordinary 
thermal reaction stalling with a low initial temperature, 
there is a lag effect or induction period that depends ex- 
ponentially on the reciprocal of the initial absolute temper- 
ature. With an initial temperature of 725° V., the induction 
period is of the order of 10" 5 second. With high initial 
temperatures, it appears that the Iasi 75 percent of the 

reaction requires only about 10" 11 second, 
o) On the basis of the hydrodynamic theory, the characteristics 
of detonation of explosives have been calculated and repre- 
sentative values are given in table A JTI. 
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Table VIII. Detonation Characteristic/! of Kr plosives 



Loading 

density. 

W/ML) 

Ti'inixTMtun*, 

(°t\) 

JVpskuiv, 
(10 ATM) 

Detonation 

rate, 

(M/SKC) 

Nitroglycerin. . _ 

1. 00 

1 

i 

5. 370 

i 

i. oo 

8, 000 

Tetryl _ 

1.50 

4, 480 

1. 48 

7, 125 

TXT „ 

1. 50 

3, 000 . 

1. 10 

6, 480 

Ammonium nitrate . 

1. 00 

1,350 

0. 25 

3.420 


26 . Rate of Burning 

a. As ordinarily applied, the term burning refers to the high tem- 
perature oxidation of an organic material or other fuel, such as sulfur 
or hydrogen. Ordinarily the oxygen utilized in such burning j s that, 
present in the surrounding air. Some high explosives and all pro- 
pellants can undergo a type of autocombustion, also referred to as 
burning, in which the oxygen present in the material is utilized for 
oxidizing the carbon and hydrogen. The exothermicity of this 
recombination is such that autocombustion is self-sustaining from 
layer to layer of the material. If the material contains sufficient 
oxygen to convert all the carbon and hydrogen present to carbon 
dioxide and water, these and nitrogen are the gaseous products of 
burning. If less than this proportion of oxygen is present in the higli 
explosive, or propellant, carbon monoxide and hydrogen also are 
formed. 

b. Some high explosives, such as mercury fulminate, can undergo 
burning only when they have a thickness of layer of about one crystal. 
Tf the layer is thicker, burning is transformed into detonation. If 
desensitized by pressing (dead pressed) at 25,000 psi or more and then 
ignited, mercury fulminate bums without detonation, the rate of 
burning decreasing with increase in density. 

c. Priming compositions burn with great rapidity but do not undergo 
detonation. The detonation of those containing lead azide, mercury 
fulminate, or lead sty pi in ate is prevented by the dampening effect of 
relatively inert ingredients, such as antimony sulfide, lead thiocyanate, 
ground glass, or sulfur. 

d. While high explosives, such as TNT and tetryl, burn with the aid 
ol atmospheric oxygen, they do not undergo autocombuslion at 
atmospheric pressures. The destruction of such materials by the 
burning of thin layers, therefore, is practicable. Nitroglycerin, on 
the other hand, undergoes little if any autocombustion prior to 
detonation, even at atmospheric pressure. 

e. Except as ingredients of propellant compositions, high explosives 
are not used under conditions where they undergo burning rather than 
detonation. The burning rates of high explosives, therefore, are of 
little practical significance. Propellants are utilized under conditions 


where they undergo aulocoinbustion and detonation is very undesir- 
able. Consideration is given in paragraph 7f> to the burning rates of 
propellants. 

27. Rate of Detonation 

a. The rate of detonation of a given explosive, provided that suffi- 
cient initiator or booster explosive is used, is determined by its degree 
of confinement and loading density. If confined only slightly, as by 
a cardboard or glass tube, a cylindrical column of high explosive 
detonates at a lower rate than if a heavy steel tube surrounds the 
explosive. This is because of the greater loss of energy 7 in directions 
at right, angles to the axis of the column. This effect is seen also if 
the diameter of the column of explosive is decreased. In such case, 
there is a minimum diameter, also dependent upon degree of confine- 
ment, below which detonation cannot propagate itself throughout the 
length of the column. In practice, detonation rates are determined 
with columns 1 inch or more in diameter confined in Shelby steel 
tubing or as strong a material as the test method will permit. De- 
crease in loading density causes decrease in rate of detonation, the 
relationship being linear. 

b. Eacli explosive has a characteristic maximum rate of detonation 
for a given density, although in the least sensitive explosives, particle 
size has some effect on this value. If an explosive is improperly initiated 
or has become desensitized, a detonation wave can, in some cases, pro- 
gress through the explosive at much less than its normal maximum rate. 
Although nitroglycerin usually detonates at a maximum rate of about 
8,000 meters per second, it can do so at rates as low as 1,500 to 2,000 
meters per second. However, investigation has indicated that not 
all of the nitroglycerin is detonated in such cases. Gelatin dynamites, 
which normally detonate at rates of about 4,000 meters per second 
when manufactured, sometimes become desensitized during storage 
and detonate at about half the original rate. 

e. As used in military ammunition, high explosives are loaded by 
casting in a molten form or by pressing to near their maximum 
densities. A comparison of the rates of detonation of some of t he 
standard high explosives at a given density and at their maximum 
loading density values is given by I, able IX. 

d. In general, the rates of detonation of explosives are reflected by 
their relative brisanee (shattering or fragmentation) (see par. 30) 
values. The higher t he rale of detonation of an explosive, the greater 
the brisanee and the more effective it is as a booster charge to initiate 
another explosive. This is the reason for the use of KDX, PETX, 
and tetryl in compound detonators, and the use of tetryl in boosters 
for artillerv shell. 
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Table f X. Rates of Drlonation of High Explosive.* 


Kair of dptonarion, mptiTP |**r smuul al density uf— 


J.sn 


1.55 


L57 


L60 


1.63 


J.TII 


1.71 


> — . — 


HUX_ . 7, 650 : . ! ; j g ( }00 

PETX 7, 525 I 3,300 _ 

Haleite 7, 570 7,750 

Ttttryl - 7,125 ! j 7,850 

Xitroguamdine 7,450 7,550 ! . 

Picric acid j 6,775 i 7,350 

Picric acid, casl . _ 7 350 

Explosive “D” 6,710 ' 7. 150 | _ 

TXT : 6,620 j _ 6,970 

TXT, cast ' 6, 675 1 • 
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SECTION V 

PROPERTIES AND TESTS OF HIGH EXPLOSIVES 


28. Sensitivity 

a. Sensitivity to Impact. 

(1) It is well known that explosives present considerable hazard 
when subjected to shock, but it is only recently that the 
mechanism of explosion by impact has been elucidated. 
It was long thought that initiation of explosion by a blow 
was due to rapid shear causing rupture of explosive molecules 
or the energy of impact causing direct mechanical excitation 
of such molecules. It has been since found that explosion by 
impact probably is due to the development in the explosive 
of*‘ hot spols” of finite size. Such hot spots are indicated to 
lx* formed by the adiabatic compression of small air or vapor 
bubbles trapped within the explosive, the friction of a particle 
of grit with a crystal of tin* explosive, or the viscous heating 
of rapidly flowing explosive under- (he pressure of impact. 
The first of the three causes is the most generally operative 
and can explain the initiation of explosives free of grit and 
those having very high melting points, 

(2) Tlie greatly compressed gas bubble Incomes highly heated 
and is surrounded by explosive also under considerable 
pressure at the instant of impact. If the temperature of 
the gas and the pressure are sufficiently great, explosion of 
the molecules adjacent to the gas is initiated and the explo- 
sive wave propagates itself throughout the rest of the explo- 
sive. The temperature required for explosion and, therefore, 
the degree of compression and severity of impact will vary 
for different explosives. 

(3) In practice, sensitivity to impact is expressed as the minimum 
height of fall of a given weight required to cause at least 1 
explosion in 10 trials, or the minimum height of fall of a 
given weight to cause explosions in 50 percent of the trials. 
In such tests, the explosive is ground so as to pass through a 
No, 50 sieve and be retained on a No. 100 sieve. Examples 
of the test equipment used are the Pic a tinny Arsenal stand- 
ard apparatus shown in figures 4 and 5 and the LS Bureau 
of Alines apparatus shown in figure 6. In carrying out the 
test with the Picatinny apparatus, a steel die cup is filled 
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/■ igure P/cattnnp Arsenal impact lest apparatus. 
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F if are o. Puds of P/catiuny Arsenal impact lest apparatus. 


with the explosive, covered with a brass cover, surmounted 
with a steel vented plug, placed in a positioned anvil as 
shown in figures 4 and 5, and subjected to the impact of a 
weight falling from a predetermined height. The minimum 
height, in inches, required for explosion is found after 
repeated trials. In making the test wilh the Bureau of 
A lines apparatus, 0.02 gram of the sample is spread uniformly 
on a hard steel block, over a circular area 1 centimeter in 
diameter (fig. 6). A hard steel tip of that diameter, im- 
bedded in a steel plunger, is lowered so as to rest, on the 
explosive and turned gently so as to insure uniform distribu- 
tion and compression of the explosive. The plunger then is 
subjected to the impact of a weight falling from a predeter- 
mined height. When the minimum height required for 
explosion is found after repeated trials, this is expressed in 
centimeters. The Pica tinny apparatus can be used for 
testing explosives having a very wide range of sensitivity, 
but the Bureau of Mines apparatus cannot cause the explo- 
sion of the most insensitive explosives and can be used only 
feir testing explosives no less sensitive than TNT. The 
Kea tinny apparatus can be used fox testing solid or liquid 
explosives. The test with (he Bureau of Mines apparatus 
can be modified so as to be applicable to liquid explosives. 


45 



2 KILOGRAM/ 

weight! 


PLUNGER 


PLUNGER TIP 


BASE BLOCK 


RAPO 167356 


figure 6. Bureau of Mine* impact test apparatus. 


Thiis is accomplished by using 0.007 — 0.002 gram (1 drop) 
of jhe explosive absorbed in a disk of dry filter paper 9.5 

• nun. in diameter. 

(4) Tn general, the sensitivity of an explosive, as determined by 
the impact test, increases with temperature; and the molten 
material is much more sensitive than the hot, solid material. 
Test data for TXT, RDX, and ammonium nitrate in this 
connection are given in table X. 

"Table X. Effect of Temperature on Sensitivity to f mpact 


Temperature, 0 C. 


i impact rest. Piealiimy apparatus minimum 
lip&tu in iiH-'kies of fail of 2 "WiMBhl to 
csplmte 


UDX 


TXT 


Ammonium 

nitrtHP 


25_- 

75 . 

30 . 

30 . 

100 

105 

150 

175 


8 


14 • 


31 

28 


;i 


i 


27 


;> 


*2 


27 
» 12 


b. 


» Mitlmal in mnllrn c^nulltuui. 

(5) Coaiparativc values for the sensitivity of military explosives 
to impact are given in tabular form in appendix 1. 

Sensitivity to Friction. . 

(1) Li ike explosion by impact, the initiation of explosion by Irie- 

tion is ascribed 1o the formation of hot spots. In the ease 
of frictional initiation, the first stage usually is a- burning 
process. Lead azide is an exception to this, true detonation 
starting at the point of initiation. For a given frictional 
force , the incidence of hot spots is determined by the thermal 
conductivity of the sliding surfaces involved. The melting 
pr int of the friction-producing material also is of importance, 
a^ this determines the highest temperature that can be de- 
veloped. If this is low in value, explosion cannot be caused 
]>v friction. The sensitizing action of grit appears to be of 
t Ji effect if the melting point of the grit is below o00° and if 
the hardness is below 2-3 on the Moll’s scale. The most 
effective seem to be particles with high hardness {4 and up) 

and high melting point. . , 

(2) Ini practice, the sensitivity of explosives to friction is deter- 
nnined by the pendulum friction test (fig. 7). This lest is 
made by means of a pendulum, to the lower end of which is 
an t ached a 20-kilogram shoe with an interchangeable face of 
steel or fiber. The shoe is permitted to fall from a height 
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of 1 meter and sweep hack and forth across u grooved steel 
friction anvil. The pendulum is adjusted to pass across the 
friction anvil 1 S± 1 times before coming to rest when no ex- 
plosive is present. The adjustment is made by raising or 
lowering the A-frame by means of an accent rie shaft con- 
nected to a control lever. A tumbucklc connected to the 
control lever and A-frame holds the control lever in the de- 
sired |H»sition. A 7-gram sample of the explosive is then 
spread evenly in and about the grooved portion of the frie- 
tion anvil, and the shoo ri allowed to sweep hack and forth 
over the anvil until it comes to rest. Tests of 10 portions 
of tin- sample are made, ami the number of snaps, cracklings, 
ignitions, and/or explosions is noted. As the steel shoe is the 
more effective in causing explosions, tests with the fiber shoe 
sometimes will show differences between explosives indicated 
by the steel shoe to he of the same degree of sensitivity. 
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Figurr 7. PrnHulurn friction l($l up par a hi* 






(3) Comparative values for the sensitivity of military explosives 
to friction are given in tabular form in appendix I. 
e. Sensitivity to Frictional Impact. 

(1) An ccther test used for differentiating explosives, with respect 
to sensitivity to mechanical shock, is the rifle bullet iropnel 
ley in which the explosive is subjected to a combination of 
impact and friction (fig. 8). A bomb is prepared by screw- 
ing: a closing cap to one end of a piece of (fast-m>n pipe 3 
indies long. 2 inches in diameter, and threaded at both ends. 
The bomb is filled with the cast, pressed, or liquid explosive 
and is closed by screwing on a closing cap. >\ lth t he loaded 
bomb in a vertical position, a caliber .80 bullet is fired 
th tough it from a distance of 30 yards, so that the bullet 
strikes between the two closing caps and at a right angle to 
thr axis of t he bomb. Five or more such testa arc made and 
th* percentage oT explosions is noted. 

(2) Comparative values obtained by rifle bullet impact tests of 
rnlitury explosives are given in tabular form in append lx I. 
d. Sen*ti.rity to Hmt a>id Spark. 

(11 Heat causes the dccomixwition of an explosive at a rate that 
varies with the temperature. Almost all explosives are 
characterized bv a critical temperature, below which the 
mie of decomposition is so small as to he negligible. Nitro- 
glycerin lias a critical temperature of approximately 50 C .. 



Figure S. K(/t« buOrt t**' 
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and. above this, the increase in rate of decomposition with 
increase in temperature is disproportionate. Other ex- 
plosives have higher critical temperatures, those of TNT 
and tetryl being about 4f.n° and 235° (\, respectively. 

(2» If a small mass of an explosive is suddenly subjected to a 
high ambient fem|»crnture. there ensues an induction or 
incubation period during which the explosive absorbs heat.. 
If the ambient temperature is sufficiently high, decompo- 
sition of part of the explosive liberates beat and causes 
acceleration of the increase in temperature of the remaining 
explosive. When the temperature reaches a certain value 
characteristic of the explosive, the rate of the decomposition 
value heroines so great that explosion of the remaining 
material takes place. The temperature of the products of 
explosion is enormously greater than that developed during 
the prior slow decomposition; and if the explosion is so 
brought almut at the end of a column of explosive, self- 
propagating detonation of the column can ensue. This 
occurs with ease when the explosive is of the initiating type, 
hut it is not practicable to initiate the detonation of high 
explosives such as TNT and tctryl by externally applied 
heat unless the explosive is under considerable pressure. 
'Phis is due to the im practicability of developing the extremely 
high ambient temperatures necessary to reduce the incubation 
period to the order of I0 - ’’ second. 

(3) in practice, the relative sensitivity of explosives to heat is 
determined by means of the explosion temperature test, 
which is made by means of the equipment shown by figure 9. 
Samples of 0.02 grain of the explosive, of such fineness as to 
pass through a No. 50 sieve, are transferred to empty gilding- 
metal cups of the type used for No. 8 I (lasting caps and 
compacted by tapping. Each blasting cap is then immersed 
to a fixed depth in a bath of molten Woods* metal. The 
molten metal bath is maintained at a predetermined tem- 
perature by means of un electric furnace equipped with a 
rheostat, the temperature being read by means of a thermo- 
electric pyrometer, having a temperature range from 0° 
lo 1,400° (.*. and graduated at 10-degree intervals. By 
means of a stop watch the time of immersion required to 
enuse flashing or explosion is noted. A number of such 
tests is made with the temperature of the hath varied so as 
to produce Hashes or explosions over a range of approxi- 
mately 2 to 10 seeonds. The data so obtained are plotted 
as a time-temperature curve and from this is found the 
temperature required to cause flashing or explosion in 5 
seconds. 
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(4) Another method, which has been used extensively, is to drop 
individual particles of the explosive on the surface of molten 
metal, the t,cmj>crature of which is indicated by means of a 
suitable thermometer. The temperature of the metal is 
increased until explosion or flashing of the material takes 
place in 0.1 second or less. 

(5) Test values for the sensitivity of military explosives to heat 
are given in tabular form in appendix T. 

(6) The intensely heated volumes of air caused by discharges of 
static electricity can cause the ignition of solid or liquid 
explosives or the explosion of mixtures of explosive dust 
with air. No standard test has been established for evalu- 
ating sensitivity to spark, but:, the results of experimental 
work are summarized in table XI. 


Table XI. Classification of Explosives With Respect to Hazard From 

Electric Sparks 


Nol dfkiigemris 

D:iri£i l r[>tis 

Bullseye powder 

Black powder 

Composition B 

Diazodin it rophenol 

Oomposit ion C— 3 

I-. O. powder 

Craphited smokeless powder 

Explosive “D” 

PKTjST 

I Lead azide 

RDX 

Lead dyphnate 

TNT 

1 Mercury fulminate 
*- 

Tetraeene 

Tetryl 

Tctrytol 

Lngraphitcd smokeless powder 


(7) Nonelectric sparks, such as those from steel, burning wood, 
etc., are, much more elTectivo in causing ignition and, there- 
fore, represent greater hazard. As an example, black pow- 
der must be classed as a very dangerous explosive with respect 
to solid sparks, and all explosives must be classed as danger- 
ous in this respect. It is for this reason that only nonsparking 
tools are used in mechanical operations in connection with 
both high and low explosives. 
e. Se ntftirity to In itiation. 

(1) Jus! as explosives vary greatly with respect to sensitivity to 
impact, friction, and heat, so do they vary in sensitivity to 
initiation by another explosive. Particle size affects the sensi- 
tivity to some extent, as do temperature, density, and physical 
state. Cast TNT is distinctly less sensitive to initiation than 
pressed TNT. Solid nitroglycerin is less sensitive than the 


liquid material. Decrease in initial temperature causes 
decrease in sensitivity to initiation, but this is not of great 
magnitude. Increase in density causes decrease in sensitivit y, 
this effect, being most pronounced with the least sensitive 
explosives. The effects of change in particle size vary con- 
siderably. Decrease in the average particle size of TNT 
causes increase in sensitivity to initiation, but. reduction of 
the average particle size of ammonium nitrate past a certain 
value causes desensitization. 

(2) In general, sensitivity to initiation is parallel to sensitivity 
to impact; but this is not true with respect to sensitivity to 

initiation and heat. 

(3) Relative sensitivity to initiation is determined by means of the 
sand test (sec par. 30), the test being conducted with dimin- 
ishing weights of an initiator, such as lead azide, until there 
is obtained the minimum amount wluch will cause complete 
detonation of 0.40 gram of the powdered explosive when 
pressed in a blasting cap shell under a pressure of 3,000 psi 
(sec lig. 10) . A few explosives, such as explosive “D,” cannot 
be detonated directly with lead azide or mercury fulminate. 
In such cases, there is pressed on top of the 0.400 gram of 
explosive under test a weighed charge of powdered Letryl 
and then a charge of 0.200 gram of lead azide. By repeated 
tests with diminishing weights of tetryl, there is determined 
the minimum weight of tetryl required to cause complete 
detonation of the 0.400 grain of explosive. 

(4) Minimum detonating charge values for military explosive arc 

given in tabular form in appendix 1. 

29. Stability 

a. The very fact that certain chemical compounds can undergo ex- 
plosion when heated indicates that there is something unstable in their 
structures. While no precise explanation lias been developed for this, 
it is generally recognized that the nitrate, nitro, nitroso. diazo, and 
azide groups are intrinsically in a condition of internal strain. In- 
creased strain through heating causes a sudden disruption of Ihc 

molecule and consequent explosion. 

b. Iu some cases, this condition of molecular instability is so great 

that decomposition takes place at ordinary temperatures at rates 
characteristic of the compounds. TXT has been found to undergo 
negligible decomposition in 20 years, inositol 1 1 ex a n i t rat e [ C r , H R ( NO 3 ) H ] 
decomposes rapidly in a few days, and mercuric azide sometimes ex- 
plodes as rapidly as it crystallizes from solution. The presence of 
moisture, in some cases, accelerates such decomposition by adding a 
hydrolytic reaction that produces free nitric and nitrous acids. 
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a — TEST EXPLOSIVE I NIT [ABLE BY FLAME: INITIATING 

EXPLOSIVE NOT REQUIRED 

b— TEST EXPLOSIVE NOT INITIABLE BY FLAME: 

INITIATING EXPLOSIVE REQUIRED 
c—TEST EXPLOSIVE NOT INITIABLE BY FLAME: 

INITIATING AND BOOSTER EXPLOSIVES REOUIRED 

A.— INITIATING EXPLOSIVE: 0.300 GRAM LEAD AZIDE 

JN b; 0.200 GRAM IN c 

B— BOOSTER EXPLOSIVE: 0.100 GRAM TETRYL 

C — HIGH EXPLOSIVE UNDER TEST: 0.400 GRAM 

RAPD 167360 

Figure 10. Loading of blasting c«p« for mind tent of high explosives. 

c. Because of the necessity for withstanding long lime storage and 
adverse tropical tempera Lures, military explosives are selected so as to 
have maximum chemical stability as well as other satisfactory cliaruc- 
t eristics. Furthermore, efforts are being made continuously to replace 
compounds that arc considered to be weak with respect to stability. 
An example is the virtual replacement of mercury fulminate, which was 
used for many years in spite of poor stability because of the nonavail- 
ability of a superior substitute. More stable new materials are re- 
placing nitroglycerin in some propellants. The replacement of nitro- 
cellulose at this time is impracticable for logistics and economic 
reasons; but acceleration of decomposition of this inherently unstable 
material is retarded for many years by the admixture of a stabilizer 
that neutralizes the acid products of decomposition as rapidly as 
■ lie v are formed. 

d. All of the standard military explosives may he considered to be 
of a high order of stability at temperatures of 15° to 2.3° C. (39° to 
77° F.) t but each has a higher temperature at which ihc rate of de- 
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composition becomes rapidly accelerated and instability is marked. 
Mercury fulminate undergoes unduly rapid deterioration at tempera- 
tures of only 30° to 35° C. (8(5° to 95° F.). Nitroglycerin withstands 
many years of storage at ordinary temperatures, but undergoes 
accelerated decomposition at 50 D C. (122° F.) or more. PFTN and 
nitrocellulose begin to undergo rapid decomposition at less than 120° 
C On the other hand, TXT and ammonium picrate withstand 
heating at 150° C. for 40 hours without significant decomposition and 
RDX is only slightly less stable at that temperature. 

e. For determining the relative stability of high explosives and 
propellants, there have been developed a number of empirical tests 
that arc based on healing a sample at an elevated temperature for a 
certain time and measuring the eft'ecl of such treatment. The most 
generally used tests are described in (1) through (4) below. 

(1) 73° C. international lest. A 10-gram sample of the explosive 
is placed in a tared weighing bottle 33 mm in diameter and 
50 mm deep, on top of which is placed a watch-glass. r I he 
bottle and contents are heated at 75° C. for 48 hours, cooled, 
weighed, and examined for fumes or d eeompqsi I ion as in- 
dicated by appearance or odor. If the loss in weight exceeds 
any moisture present in the sample, as determined by drying 
in a desiccator, volatility or decomposition is indicated, 
this test is applicable to blasting as well as military explosives 
and is significant only when the material is volatile or unduly 
unstable^ It is of interest chiefly as a preliminary lest for 
new explosives. 

(2) 100° C. heal test. The moisture content of the explosive to 
he tested is determined by drying a weighed sample to con- 
stant weight in a vacuum desiccator and calculating the loss 
in weight to a percentage basis. A weighed O.GO-gram por- 
tion of the sample is placed in each of two lest tubes, 75 mm 
in length and 10 mm in diameter, one of which lias been 
tared. The tubes and contents are placed in an oven 
maintained at 100 ± 1° C. After 48 hours the tared tube is 
removed, cooled, weighed, and replaced in the oven. After 
an additional 48 hours of heating, the tube and contents are 
again cooled and weighed. Tlie percentage of loss in 
weight during each heating period is calculated, correcting 
the first for the moisture present as previously determined. 
The unlared tube and contents are heated at 100° C. for 
100 hmu-s, and any ignition or explosion is noted. This lest, 
because of tlie high temperature and greater time of test, is 
more rigorous than the 75° 0. international test and it yields 
data that are more significant with respect lo stability and 
volatility. Nevertheless, like the test ul 75° C., it is of 
interest chiefly in approximating the order of stability of 
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new explosives and does not differentiate sufficiently well 
between explosives of the same order of stability. 

(3) Vacuum stability test. This test can be made at 100°, 120°, 
or 150° C. or any other desired temperature, but a tempera- 
Lure of 1(K)° or 120° C. generally is employed- A weighed 
1 - or 5-grarn sample of the dried explosive is placed in a glass 
heating tube, so designed that the ground neck can be sealed 
with mercury after a calibrated capillary tube with a ground 
stopper end has been connected to the heating tube (fig. 11). 
Ihe lower end of the capillary tube is attached to a cup in 
which about 7 milliliters of mercury is placed after the con- 
nection of the two tubes has been made. The system is 
c vacua led until the pwssure is reduced to about 5 mm of 
mercury. The level of the mercury in the capillary tube 



Figure 11. Tubes for vacuum stability test. 


rises to near the top, and its exact position is marked and 
recorded. The junction of the two tubes is sealed with 
mercury. The heating tube is inserted in a constant tem- 
perature bath maintained at the desired temperature ±0.5° 
C. (fig. 12). If an cxesssivc amount of gas {11 4- milliliters) 
is rot evolved in less time, heating is continued for 40 hours. 
The tube is removed from the bath and cooled to room 
temperature, and the level to which the mercury in the 
capillary tube has fallen is noted. The volume of gas 
liberated is calculated from the difference between the initial 
and final levels, the volume of the capillary per unit of 
length, the volume of the heating tube, and the atmospheric, 
pressure and temperature conditions at the beginning and 
end of the test. Vacuum stability tests yield reproducible 
values; and when an explosive is subjected to this test at 
two or more temperatures, a rather complete picture of its 
chemical stability is obtainable. In some cases tests at two 
or more temperatures are required to bring out significant 
differences with respect to stability between explosives, but 
a tiist at 100° C. is sufficient to establish the order of stability 
of an explosive. Vacuum stability tests have been found 
suitable for determining the reactivity of explosives with 
each other or noncxplosive materials. This is accomplished 
by making a vacuum stability test of the mixture and de- 
tenmining if the gas liberated is significantly greater than 
the sum of the volumes liberated by the two materials when 
tested separately 7 . When used for this purpose, the test 
generally is made at 100° C. 

(4) Potassium iodide — starch ( KI) test. This test is made at 
65.5° C. when applied to nitrocellulose and at 82.2° O. in 
the ease of nitroglycerin. It is a test for traces of acidity 
or other impurities that might cause deterioration, rather 
than a test of the inherent, stability of the material. Nitro- 
cellulose is conditioned for the test, by drying at 40° to 45° 
C. on a paper tray until the moisture cont ent has been re- 
duced to such a point that, after rubbing, the material 
clings to a spatula or tissue paper that has been wrapped 
around the fingers. Nitroglycerin is conditioned by filtering 
the sample through two thicknesses of filter paper. In 
testing nil ro cellulose, a 1.3-grarn portion of the sample is 
transferred to each of five special test tubes, and, in the 
case of nitroglycerin, a 2-ml portion is transferred to each of 
three such tubes. These are 5.5 inches long, 0.5-inch ID, 
and 0.62 -inch OD. Each Lube is closed by means of a tightly 
fitting cork stopper, through which passes a tightly fitted 
glass rod equipped with a platinum holder for a strip of 
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test paper. The nitrocellulose in each tube is pressed or 
shaken down until it occupies u space 1.62 inches long. 
On the platinum holder is suspended a strip of standard 
potassium halide -starch test paper approximately l inch 
in length and 0.37 inch with* and the upper half of this strip 
of test paper is moistened with a 50 percent solution of pure 
<dvcerin in water. Kac-h tube is then immersed to a depth or 
2.25 inches in a hath maintained ot 65.5° — 1.0° C. or 82.2** 
j_1.0° 0. and placed so that the tubes are viewed against n 
white background illuminated by bright, diffused daylight 
(fig. 13). The time at which heating is begun is noted. 
As heating continues, the position of each test paper is 
adjusted so that the line of demarcation between the wet 
and dry portions is kept on a level with the lower edge of 
the slight film of moisture, which condenses on the inside of 
the lube as the test progresses. The first appearance of 



discoloration of the damp portion of the test paper in curb 
tube is considered as the end of the test, and (lie time re- 
quired to produce this is noted. The minimum time r<*- 
quired for completion of a test in a series is considered as 
the test value of the sample. A blank test is run simulta- 
neously, using an empty tube, and the discoloration taken 
as indicating a test must be greater than any noted at the 
same time in the blank test. In making this test, extreme 
care must be taken to prevent contamination of the sample 
by the hands, traces of acid in the air, etc. The usefulness 
of the KI test is chiefly in the direction of assuring complete- 
ness of purification during manufacture and freedom from 
contamination subsequent to this. 

/. Si ability test values for military high explosives are given in 
tabular form in appendix I. 

30. Brisance 

a. General. The shattering power of an explosive, as distinguished 
from its total work capacity, is termed its brisance. This character- 
istic is of practical importance, because it determines the effectiveness 
of an explosive in fragmenting shell, bomb casings, grenades, etc. 
As the shattering effect of an explosive is dependent upon the sudden- 
ness with which the gaseous products of explosion are liberated, the 
rate of detonation is at least a major factor in determining brisance. 
It has been found that there is a general linear relationship between 
rate of detonation and brisance, as determined by different methods. 

b. Sand Test. This test consists essentially in determining the 
amount of standard Ottawa sand crushed by 0.400 gram of the 
explosive. In order to accomplish this, the initiator is detonated 
alone and correction is made for any sand crushed by it. A 0.400- 
gram charge of the explosive, of such granulation as to pass through a 
No. 100 sieve, is transferred to each of five empty No. 6 commercial 
blasting cap shells of copper, gilding metal, or aluminum (see fig. 10). 
The blasting cap shell is held in a loading block (fig. 14) during the 
transfer. If the explosive can be initiated by flame, a reinforcing cap, 
having a small hole in the center, is placed in the blasting cap over the 
explosive, the loading block is assembled to a base fixture, a plunger 
is inserted in the blasting cap, and the charge is subjected to a pressure 
of 4,000 psi. for 3 minutes by means of a barricaded press. If the 
explosive charge cannot be initiated by flame, it is pressed without the 
insertion of a reinforcing cap. A 0. 300-gram charge of lead azide is 
then placed on top of the first charge, a reinforcing cap is placed over 
the lead azide and this is subjected to a pressure of 3,000 psi for 3 
minutra. If the explosive charge is too insensitive to be initiated with 
maximum effect, by lead azide, a 0.100-gram charge of telryl is placed 
on top of it and this is pressed at 3,000 psi for 3 minutes. A 0.200- 
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gram charge of lead azide then is added, a reinforcing cap is inserted 
and the lead ;izide is subjected to a pressure of 3,000 psi for 3 minutes. 
The powder train in one end of a piece of black powder safely fuse S or 
Q inches 'long, is pricked with a pin and tliis end is inserted in the 
loaded blasting rap, so that, it is against the reinforcing cap. The 
blasting cap is crimped tightly to the fuse. Eighty grams of standard 
Ottawa sand., of such granulation that it passes through a No. 20 sieve 
but is retained on a No. 30 sieve, is poured into the cavity of a l»onib 
(figs. 14 and 15) and leveled by striking the bomb with a hammer. 
The loaded blasting cap is lowered into the bomb so that the cap is 
centered at .he axis of the bomb and just touches the sand. An 
additional 120 grams of sand are poured into (he bomb without dis- 
turbing the. position of the cap. The upper end of the fuse is passed 
through a hole in the bomb cover, a section of rubber tubing being 
used to make a tight fit (fig. 15). The cover is lowered into position 
and fastened securely, as shown in figure 15. The upper layer of sand 
is leveled by striking the bomb with a hammer. The fuse is lighted 
and. after thi explosion, the bomb cover is removed. The contents of 
the bomb arn transferred to a piece of glazed paper, cleaning the bomb 
and cover thoroughly. After removing pieces of the blasting cap 
and burnt fuse, the sand is transferred to a No. 30 sieve fitted with a 
bottom pan and cover. The assembly is shaken sufficiently to insure 
passage through the sieve of all sand crushed sufficiently to do so, 
and the crushed sand caught in the bottom pan is weighed with an 
accuracy of ±0.1 gram. If lead azide or tetryl and lead azide was 
used as an mitiator, the amount of sand crushed by the initiating 
charge is determined separately and subtracted from the weight of 
sand crushed by the combined charge. The corrected values ob- 
tained by tike five tests are averaged and the average value is con- 
sidered representative of the brisance of 0.400 gram of the explosive 
under test. Sand test values for military explosives are given in 

tabular form in appendix I. i . . 

c. Plate Beni Test. Although no actual shattering by an explosive 

is effected and measured in this test, there is produced a deformation 

of a solid, which investigation has shown to be related to brisance. 

A 20-gram sample of the explosive is pressed or cast into a piece of 

copper tubimg having an internal diameter of 0.75 inch and a h«-mch 

wall thickness. This tube is placed so as to be normal to the center 

of a horizontal plate of cold-rolled steel 4 inches square and *-mcli 

thick. The steel plate is placed so as to rest on the upper end of a 

short piece of steel tubing having internal and external diameters of 

1 .5 and 3 ir.ffies, respectively. This is in a vertical position and rests 

on a firm base. As finally assembled, the axes of the explosive charge, 

steel plate, £nd si eel tube coincide. The explosive charge is detonated 

by means ctd a No. 8 blasting cap and a 5-gram pellet of telryl. 1 his 

produces a depression in the steel plate, having a smooth surface and a 
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BLASTING CAP SHELL 
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EXPLOSIVE UNDER TEST 
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I n r~2 

INCHES 


RUBBER TUBE 


120 GRAMS STANDARD 
OTTAWA SAND: 20-30 MESH 


80 GRAMS STANDARD 
OTTAWA SAND: 20-30 MESH 


Figur 15. Sand /mt. 


dentil that an t>.- measured within 0.001 nr 0.002 inch. The repro- 
d,„ ibiUly of the use result is within 0.003 inch. Table XII gives the 
n'sults of i-^sts «»r a number of explosives. 

d Fragmentation Test. This direct, measurement of the bnsance 
of explosives is made by loading a shell or (grenade with explosive, 
detonating the charge, and recovering the fragments. The shell .s 
loaded hy rusting or pressing the explosive into the cayly. After 
assembling a boosier and a fuze that ran be caused to function by 
nicuns of I current of electricity, the shell is placed in a wooden box. 
After this raa been buried in a sand-pit within a building, the charge 
is detoimi d. The fragments arc recovered hy passing Hie sand 
through a 4-mesh sieve and are classified into weight groups of o to 
75, 75 to 130. 150 to 750 750 to 2,500 and over 2,500 grains (hg. 16). 
A tvpical 75-nim shell fragmentation yields about 1.000 fragments. 
Recovery if the shell, generally, is 90 to 95 percent by weight, t om- 
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Table XU. Hate Dent Tetln <>f Erpto*iees 



Preset expfcnirr Cast .xplnfive 

lW.it y 

lUpU., i«Hi IWUl, mch 

TNT 

1. 60 

0. 1W 0. 200 


1. GO 

0. 204 

nnx 

1 . .v» 

0. 262 


1. GO 

0. 2GS 


1.65 

0. 270 

PETN 

1. 60 

0. 210 


1. GO 

0. 258 

H alette 

1. 50 

0. 230 


1. GO 

0. 247 

Tetrvl .. 

1. 50 

0. 217 


1. GO 

0. 237 

Picric acid 

1. 50 

0. 200 


1. GO 

0. 217 

Xitroguanidine . 

1. 50 

0. 177 

Explosive "D" 

1. .VI 

0. 170 

C-mi*o>ilion It 


i 

ft OJi 

50-50 IVnOilite. . 

• - 1 if. 1 

50-50 FxlnaOl 


”• 

ft 217 



- - - 1 *'• 1 * 


jMirisons of explosives loaded in ( lie same size of shell are on an equal 
volume basis. The total number of fragments produced is determined 
and compared with the number of fragments produced by a standard 
explosive. Determination of the number of fragments of certain 
sizes permits evaluation of the charge, from the viewpoint of effective- 
ness in causing casualties. A comparison of the relative fragmentation 
efficiency values of a number of military explosives is given in tabular 
form in appendix I. 

31 . Initiating Value 

a. When Nobel first developed nitroglycerin for blasting operations, 
black powder squibs were utilized for bringing about detonation; but 
the nonunifomiity of initiation led to his developing the mercury 
fulminate blasting cop. This invention of initiation of detonation 
by a hear- or shock-sensitive detonating compound has afforded a 
basis for utilizing more modern and less sensitive high explosives, such 
ns TNT. tetryl. explosive "D.” RDX, and PETN, since these cannot 
be caused to detonate by the sudden application of heat furnished by 
a Home. Even when confined in a blasting cap and subjected to the 
intense heat of thermite compositions, they do not undergo detonation. 

b. When the initiating compounds are considered as a class, it is 
found that considerable differences exist between them with respect 
to initiating value. Diazodinitrophenol ran detonate ammonium 
picrate and east INI’, while lead azide, mercury fulminate, and lead 
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styphnate •rumot cause the detonation of either of these materials. 
Lead azide *nd mercury fulminate are about equally effective for the 
initiation of the less sensitive pressed explosives TX V ami picric 
acid, but Head azide is more efficient than mercury fulminate for 
initiating cJe more sensitive explosives tetryl. lmlcite, RDX, and 
PETN. l^ad styphnate cannot cause the detonation of any of these 
explos ives accept impressed PETN, but can initiate certain dynamites. 
In general, :t may be said that the initiating value of a compound of 
this type ulcpends upon its rate of detonation as used. Mercury 


fulminate, lead azide, and di azodinit roplienol have rates of detonation 
of approximately 4,000, 4,300, ami 5,500 meters per second, respec- 
tivelv, at the densities used for determining the minimum detonating 
charges of these, required for various noninitiating high explosives 
(see app. 1). 

c. Loading operations involving large quantities of the shock and 
friction-sensitive initiating explosives would be unduly hazardous. 
This, along with the recognized fact that high rate of detonation 
results in initiating efficiency, has led to utilization of the booster 
charge in loading blasting caps and military ammunition. Compound 
detonators and blasting caps have a booster charge of a noninitiatmg 
high explosive, such as tctryl, RDX, or PETN adjacent to the lead 
azide or similar charge. This permits use of less of the sensitive 
explosive and the development of a detonating wave having a higher 
rate than that developed when the initiator alone is used. In shell 
and bombs, the booster principle is applied by the use of a relatively 
small boozier. This consists of a steel-encased, cylindrical charge of 
an explosive such as tctryl inserted in the. bursting charge of the shell 
or bomb. The booster charge is initiated by a detonator inserted at- 
one end. 13y means of the booster, there is impressed on the bur sling 
charge a detonation wave having a velocity of perhaps 7,500 meters 
per second instead of that of perhaps 5,000 meters per second ob- 
tainable with lead azide. As many of the bursting charge explosives 
have rates of detonation less than that of tctryl and are less sensitive 
to initiation than tctryl, the advantage of using a booster charge is 
apparent. 

d. Pressed TNT, which is distinctly more sensitive to initiation 
than cast TNT, was used as a booster charge for cast TNT and 
amatol until replaced by the more sensitive and effective t-et-ryl. 
Durimr World War 11, tmryl was replaced to some extent hv 05-35 
and 70-30 tetryt-ol, waxed PET X , and waxed KDX. The relative 
initiating values of such booster explosives can be determined by 
means of the explosive train test. In this test, an explosive to be 
boostered is loaded into one end of a steel tube by pressing or casting. 
One or more disks of half-hard brass, each having a thickness of 0.017 
inch and a diameter essentially that of the internal diameter of the 
steel tube, are placed in the tube and pressed firmly against the end 
of the explosive charge. On top of the disks is place a booster easing 
having a. cavity with an ellipsoidal cross section and loaded with a 
weighed quantity of the booster explosive. This is exploded by 
means of a detonator; and whether the explosive beyond the. disk or 
disks undergoes high order detonation is noted. Repeated tests 
are made until there is determined the maximum number of disks 
that can he present and not prevent detonation of the boostered 
explosive. Live tests are made with this number of disks and five 
tests with one more disk. The greater the initiating action of the 
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booster explosive, the greater is the number of disks through which 
detonation <can be transmitted. Tests made in this manner have 
indicated telryl and RDX to be equally effective and more so than 
picric acid im initiating other high explosives. The test can be used 
also to determine the effectiveness of detonators in initiating high 

explosives. 

32. Sympathetic Detonation 

a. It has iong been known that an explosion sometimes results in 
the detonation of other explosives some distance from the first, 
without the projection of burning embers or missiles. Experimenta- 
tion has shown that the distance at which a charge of explosive can 
be detonated by another change of the same explosive increases with 
increase in size of the initiating charge. Such explosion by trans- 
mission of & detonation wave through ah* is known as sympathetic 

detonation or explosion by influence. 

b. As a detonation wave reaches the end of a column of explosive, 

the pressure wave is projected into the air beyond, where it under- 
goes rapiil decrease in velocity and pressure to extinction. If this wave 
traveling through air impinges on another mass of explosive before 
pressure and velocity have decreased too much, sympathetic deto- 
nation ensues. Since the wave traveling through air is not under 
confinement:, expansion of the gases representing the pressure front 
will be in all directions and the rate of pressure decrease should be 
as the cube of the distance. 

c. Two type of commercial blasting explosives were found to have 
the relationships shown in table XIII for sympathetic detonation. 

Table Xflf. Maximum Distances for Sympathetic Detonation 



From these data it appears that the relationship is - 

_"L = k 

Where W is the weight of the explosive in pounds, L the maximum 
distance in feet, and k a constant peculiar to the explosive. The 
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exponent of L Las been determined experimentally. For explosive A, 
k is approximately 4, while for explosive B, it is approximately 0.18. 
If the maximum distance for sympathetic detonation by a known 
charge of an explosive is known, the above formula can be used for 
deriving the k value of the explosive and then for deriving the max- 
imum distance values for other weights of charge. 

d. The interposition of solid barriers, such as wood or concrete, 
decreases the maximum distance for sympathetic detonation of one 
charge of explosive by another. This effect is very significant when 
small charges are involved, but is of much less importance with very 
large charges. 

e. Sensitivity to sympathetic detonation or the power to cause 
sympathetic detonation can be determined by means of the gap test. 
This was developed for testing dynamites and has been used chiefly in 
this connection, but can be applied to other high explosives. Cylin- 
drical cartridges of explosive 8 inches in length and 1.25 inches in 
diameter are made up by pressing or casting equal weights of the 
explosive into paper shells. Two of these are suspended vertically, 
so that there is an air space between them and then axial lines are 
coincident. The air space between the cartridge is always a multiple 
of 1 inch. A detonator is embedded axially in the lower end of the 
lower cartridge and used to initiate detonation of this cartridge. By- 
repeated tests, with varying spaces between t he two cartridges, there 
is determined the maximum distance at which the upper cartridge is 
detonated by the lower. This will be 1 inch less than the minimum 
distance at which three successive tests fail to result in explosion of 
the upper cartridge. 

33. Power 

a. General. The total work capacity- of an explosive is a function 
of the total available heat liberated at the instant of detonation, but 
its power is determined by the rate at which the heat energy is liber- 
ated. In the past, measurement was made of the maximum pressure 
developed by detonation and this was considered an expression of the 
work function of the explosive. However, such tests were made with 
explosive charges having relatively low loading density values and it 
was then necessary to calculate by extrapolation the pressure produced 
by an explosive in its own volume. 

b. Heat of Explosion. The heat of explosion of an explosive can be 
determined with high density of charge in a calorimetric bomb. The 
procedure is similar to that used for determining heat of combustion, 
except that no oxygen is used and detonation instead of combustion is 
insured by the use of a detonator. After the bomb and contents have 
cooled to room temperature, the volume of gas and the weight of 
water produced are measured. The observed heat of explosion is 
corrected by subtracting the heat of condensation of the water pro- 


duced- The measured volume of gas is corrected by adding tins 
volume at standard temperature and pressure of the water formed 
when in. a gaseous condition. The corrected heat of explosion, ex- 
pressed as calories per gram, is considered Lo represent the useful work 
e&pacity of tike explosive in fundamental terms. Such values for the 
various military explosives are given in tabular form in appendix I. 

c. BaUistu Pendulum Test. A simpler but empirical test measuring 
the relative g*ower of an explosive is the ballistic pendulum test, which 
utilizes the principle of equality of phy sical action and reaction. The 
equipment (ifigs. 17 and 18) consists of a pendulum bar suspended on 
knife edges and supporting a steel mortar that- weighs (522 pounds. 
The outer chamber of the mortar has a diameter of 4.875 inches and a 
length of 5 inches. The inner or explosion chamber is 2 inches in 
diameter and 5.5 inches in length. In the outer chamber, there is 
placed a locscly fitting steel cylinder that weighs 30.6 pounds and 
has an axial perforation large enough to permit the passage of detonat- 
ing fuze or electric detonator wires. A quadrant., graduated in 
degrees, is a rranged so that any swing of the mortar may be measured. 



Fig i4 re 1 7. Ballistic pen<l tdn in — front i' tew. 
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/' tgure IX. Hailiztie pendulum — rear view. 


Ten grams of TNT is formed into a earl ridge by wrapping in tin foil, 
an ehx tne Masting cap being located centrally in the charge. The 
rliarge is placed m the explosion chamber and detonated after the steel 
c.v mder lias been placed in (he outer chamber. The maximum 
deflection or swing of the mortar is measured in degrees. The results 

° msd™ f ‘iT h teat8 w,th TNT are « wraged. By trial, determination 
^ made of the number of grams of an explosive to he compared with 

M which causes a deflection within 0.5 degree of the average 

value lor 10 grams of TNT. Several more tests of the explosive under 

n r:, c wiUi ,he same weighi ° f and »■« 

1 n esults «ro averaged. From tile average values for TNT 
and the other explosive and the weights of these used, the weight of the 

second exp osive required to cause the same deflection as 10 grams of 
INI is calculated. When 10 is divided by this, the relative TNT 
vMue of the second explosive is obtained. Ballistic pendulum test 
values of various explosives are given in tabular form in appendix I. 
I. Tmuzl Lead Block Tea. This Lest measures the distension effect 
U 1 10 grams of an explosive under moderate confinement is deto- 
nated in a lead cylinder (fig. 19). The cylindrical block is cast of 

"'l Yt' “ 111 i 200 n " n long and 200 mm “ diameter, with an 

, , 12n ,T i0I>g ,ind 25 mm “ diameter at one end. The 

volume of the hole is determined before use in the test by filling with 

water from a graduated burette. A 10-gram sample of the explosive 

: wrapped in a piece of tin foil of trapezoidal shape, will, a width 

Of to mm and sides 130 and 150 mm long, so as to make a cartridge 
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Figure 19. Traud lead block lest. 


25 mm in diameter. An electric blasting cap is placed centrally in 
the charge, which then is placed at the bottom of the hole in Ihe 
test, block. Forty milliliters of Ottawa sand are placed in the hole 
and tamped lightly. Forty milliliters more of sand are added and 
this is tamped much more thoroughly. After the charge has been 
detonated, ithe volume of the hole is determined; and the, distension 
is calculated by subtracting from this the volume of the hole before 
the detonation. Three such tests are made and the results are 
averaged. Test, values for explosives arc given in tabular form in 
appendix I. 

e. Correlation of Test Values. If the heat of explosion, ballistic 
pendulum lest, and Tranzl lead block test values from a number of 
explosives are compared with each other, a general agreement can 
be seen; ami if the data are plotted against each other, approximate 
curves can be obtained. However, each of the tests has short- 
comings and the results of two or more firsts are required for proper 
evaluation of the relative power of an explosive. Heat of explosion 
is not strie ly representative of power, because of the varying added 
effects in u»e of after-burning of some of the products of detonation. 
Ballistic; pendulum test values may not be quant itatively proportional 
to power, because of the measurement of angular rather than linear 
displacement of the test mortar. Evidence has been found that, 
because of die relatively light confinement, the distension effects of the 
most powerful explosives in the Tranzl lead block test are not. directly 
proportional to power. Nevertheless, the three tests do afford a 
means of evaluating relative explosive power when all three test 
results arc available. 
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34. Blast Effect 

a. More serious damage can be done to industrial installations, 
habitations, etc., by the blast effect of bombs than by their- fragmenta- 
tion. It was found that the blast effects of a bomb are comparable 
with those of a severe earthquake, since walls are overthrown, roofs 
collapsed, machinery thrown out of line, etc. This action is more or 
less uniform over a circular area; whereas, damage done by bomb 
fragments consists merely of holes in walls and roofs, damage to 
machinery at the point of impact-, etc., at random points in the lines of 
travel of the fragments. The discovery that certain explosives are 
markedly superior to TNT and amatol, with respect to blast effect, 
permitted the use of bombs with maximum blast effect and afforded 
a basis for the bombing operations that represented one of the major 
tactical advances of World War II. 

b. When a bomb charge detonates in approximately 0.0001 second 
to form gases at pressures of the magnitude of 700 tons per square 
inch and at tcmperalures from 3,000° to 4,500° C, the metal casing 
of the bomb expands very rapidly to approximately 1.5 times its 
original diameter before breaking into fragments. Of the total energy 
liberated by the detonation of the charge, as much as half may be 
used for expanding the casing prior to rupture and imparting velocity 
to the fragments of Ihe casing. The remainder of the available energy 
is expended in compression of the air surrounding the bomb and is 
responsible for the blast effect produced. 

c. Upon release from confinement by fragmentation of a bomb 
casing, the gaseous producls of detonation expand suddenly and 
compress the layer of surrounding air, so that it is under high pressure 
and moves outward with high velocity. This layer of compressed 
air moving outward is bounded by an extremely sharp front less than 
0.001 inch thick, called the shock front, in which the pressure rises 
abruptly. The shock front moves outward with an initial velocity 
much greater than that of sound (1,100 fps), but, after advancing a 
short, distance, the velocity decreases rapidly and the abruptness of 
the pressure rise also decreases. This decrease in velocity, generally, 
is much greater than the decrease in velocity of the casing fragments 
caused by air friction. Consequently, at some point, the advance of 
the shock front lags behind the movement of the fragments. This 
difference between the changes in velocity is due to a fragment having 
constant, cross-sectional area, while the surface area of the expanding 
shock front increases in accordance with the equation — 

A-=4Trr* 

where r is the distance from the point of detonation to the shock front. 

d. The gaseous products of detonation, moving outward as a strong 
wind behind the shock front, are prevented by their own inertia from 
decreasing in velocity as rapidly as the pressure at the point of deto- 



nation decreases. As a result, there is produced a rarefaction effect 
at this point and the pressure decreases,. This condition of reduced 
pressure also moves outward, trailing the shock front. When the 
pressure becomes less than atmospheric, the wind reverses in direction 
and blows backward toward the point of detonation. Any light, 
object, such as a leaf, when struck by the shock front, is rapidly 
carried away from the point of detonation and then is blown back 
almost to i;s original position when the wind reverses. The shock 
front, the high pressure area behind it, and the following rarefaction 
form a complete wave, to which the terms blast and shock wuce., 
generally, are applied (fig. 20). 



PRESSURE PHASE TIME RAPO 167370 

F ifjure 20. Phases of a blast wove. 

e. While the duration of the positive pressure portion of the blast- 
wave is about one-fourth that- of the portion al less than atmospheric 
pressure, the pressure at the shock front is many times the decrease in 
pressure below atmospheric. The duration of the positive phase 
varies with the explosive charge and its distance from the point of 
origin. In one ease, it is of the order of 0.005 second at a distance 
50 feet from the bomb. A wall struck by such a blast wave is first 
pushed forward by the short,, sharp, hammer-like blow of the positive 
pressure phase and then pulled backward by the much longer negative 
phase. Whether the wall falls forward or backward depends upon 
circumstances. 

/. In expressing the blast effect of an explosive charge, it- is necessary 
to use two criteria instead of one — peak pressure and impulse. Peak 
pressure is the pressure increase at the shock front or the highest 
pressure in. the shock wave minus atmospheric pressure. Impulse is 
mathematically equal to the area under the time-pressure curve for 
the duration of the positive phase (fig. 20). This is approximately 
half the peak pressure multiplied by the duration of the positive phase. 
Teak pressure represents a measure of the maximum force exerted 
against a surface by a blast wave, since force is equal to the product 
of pressure and area. Impulse represents a measure of the force 
multiplied I)}' the. duration. 
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g. As tlie shock front moves outward, the peak pressure decreases 
and the duration of the positive pressure phase increases. The rates 
of these changes vary with the magnitude of the peak pressure, but 
the net effect is decrease in impulse. With increase in distance from 

the bomb, impulse decreases approximately as — 

B 

h. In general, two criteria must be satisfied in order to demolish any 
structure. Both peak pressure and impulse must exceed certain mini- 
mum values, which depend upon the type of structure. Window glass 
requires a moderately high peak pressure but only a low impulse value, 
since the positive pressure need not last long to cause fracture. On 
the other hand, a brick wall withstands only a small peak pressure, but 
the pressure must be of relatively long duration and therefore the im- 
pulse. value must be high. The blast from almost any charge that, 
develops sufficient peak pressure will have sufficient impulse to break 
glass. Most bomb charges that develop sufficient impulse to de- 
molish a brick wall also develop sufficient peak pressure to do so. It 
may therefore be said that, structures that are strong and light in 
weight, with respect to the area presented to the shock front, require 
high peak pressure but no great impulse for demolition; while heavy 
but relatively weak structures require considerable impulse but not 
such a high peak pressure. 

i. Blast waves are reflected from solid surfaces, but not in the same 
manner as sound and light waves are reflected. When the incident 
and reflected waves intersect on the ground, they do not make equal 
angles with the ground, as do sound waves. At small angles of inci- 
dence (the angle between the normal to the blast front and the normal 
to the reflecting surface), the angle of reflection is smaller than the 
angle of incidence, and the pressure behind the reflected wave is 
greater than behind tire incident wave. Such reflection of a blast 
wave from a bomb that has detonated above the ground gives rise to 
an increased pressure wave at ground level. When the angle of inci- 
dence (a) is greater than an extreme angle (<* e ) (40° for strong to a 
value approaching 90° for very weak shocks), the incident and re- 
flected waves do not intersect on the ground. This is known as 
irregular or Mach reflection. Reflection that occurs when the angle 
of incidence occurs at the extreme angle is known as the extreme regu- 
lar reflection, whereas, reflection occurring where tin* angle of incidence 
is smaller than the extreme is known as regular reflection (fig. 21). 
When the incident angle exceeds the extreme angle, the reflected and 
incident waves intersect at some point above the ground. The lower 
portion of the reflected and (lie incident waves fuse into one wave, 
which is know as the Mach stem (M, fig. 21). The point of inter- 
section being known as the triple point. (TP, fig. 21). The resulting 
existence of three waves, termed the Mach reflection, causes a density 
discontinuity and there is formed a region of high pressure termed the 


Mach region. The pressure behind the front of the Mach region is 
approximately twice that of the incident wave. The top of this 
Wh-p res sure region, the triple point, travels away from the reflecting 
surface. As pressure and impulse appear to have their maximum 
values just above and below the triple point, respectively, the region 
of maximum blast effect is approximately that of tlie triple point. 
By controlling (he height above ground at which a bomb is detonated, 
it, is practicable to control the region of maximum blast effect and 
insure maximum damage. At distances that are large, compared to 
the height of the burst, Ihe incident and reflected waves have fused 
and proceed outward as a single shock. After the point of complete 
fusion of tlie waves, the shock wave appears as though it had come 
from double the charge detonated on the ground, and at large dis- 
tances, the Mach stem in the neighborhood of the ground becomes 

perpendicular to it. 
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Figure 21. Mack reflection of Mast ware. 

£ Blast effects are enhanced by confinement, due to the reflection 
of blast waves by the confining surfaces. A blast wave traveling 
through a tunnel, corridor, trench, or even a street decreases m inten- 
sity much more slow ly than in the open. If a bomb detonates wut.lun 
a building, there is considerable reflection of the blast wave from the 
walls, even if these are demolished. The rapid reflection of the wave 
from various walls, in such a case, results in a “multiple punch’’ effect 
on another wall . Tlie overall effect of confinement is increased in the 
vulnerable radius of demolition of the bomb charge. The analogous 
vulnerable radius of nsible damage (as detected by aerial observation) 

is also used to evaluate the effects of bombing. 

k. The underw ater ami underground shocks produced by an explo- 
sive charge are more comparable with its blast effect without confine- 
ment than with confinement. 

l. The TXT and binary explosives used for loading tombs do not, 
contain sufficient oxygen to oxidize all their carbon to carton dioxide 
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and hydrogen to water and so do not have maximum liberation of 
heat. Jt has been found that the oxygen of the atmosphere reacts 
with the gaseous products of detonation and so increases the heat 
liberated, although the amount of oxygen utilized in this manner is 
never as much as that required for complete oxidation. On this 
basis, there have been developed explosives containing metallic alu- 
minum in finely divided form, such as tritonal and torpex. The 
aluminum in these increases the blast effect of the charge by highly 
exothermic afterburning. 

m. Relative blast efficiency values for various explosives used in 
bombs are given in appendix T. 



F igure 22. Piezo-electric gage for measurement of blast pressure. 


35. Cratering Effect 

a. Tf an explosive is buried deeply in the earth and exploded, pres- 
sure is exerted almost entirely on the earth about it and causes 
movement effects over a distance known as the radius of rupture. If 
the depth of burial is less than the radius of rupture, the gaseous 
products of explosion blow through the surface of the ground and 
there is formed a roughly circular depression known as a crater. The 
crater is considerably greater in volume than the explosive charge 
producing it. The apparent, depth and diameter of the crater are 
determined by the amount of loose earth that falls back into the 
cavity and around the edge of the true crater. The true depth is the 
distance from the original ground level to the bottom of the crater 
when loose earth is removed. The true diameter is the distance 
between opposite edges of the crater at original ground level when 
loose earth is removed. 

b. An explosion on the surface of the ground produces a shallow 
crater, which may have a greater diameter than that produced when 
the explosive is buried. This is due to the scouring action of the 
gases projected downward from the explosive charge. 

c. In addition to the size of the explosive charge, determining 
factors in crater formation are the type of ground cratered and the 
type of explosive used. A soft, low-density soil is lifted, scoured, and 
blown away more easily than a firm or rocky earth formation. An 
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explosion of a moderate charge in soft, swampy ground produces a 
relatively huge crater, while in a rock formation only a small crater 
will be formed. An explosive with a low rate of detonation, that 
produces a krge volume of gases may dig a larger crater than TNT 
if the charge is well below the surface and the ground is not too hard 
and rocky If the charge is on the surface of the ground, a low-rale 
explosive produces a smaller crater than TNT, because of the lesser 
scouring action of the gases resulting from their lower velocity. 

d. The volume of a crater in cubic feet, V, produced on average 
soil by commercial dynamite, where Q is the weight of dynamite in 
pounds, is given by the formula 

V=0.4 Q* 

This fits the production of a crater 31 feet in diameter and 9 feet in 
depth (3,200 cubic feet) by a 2,400-pound charge of dynamite By 
wav of contrast, a 4,000-pound bomb containing 2,400 pounds of high 
explosive has produced a crater 60 feet in diameter and 20 feet deep 
(26,000 cubic feet). The explosion at Oppau, Germany of 9,000,000 
pounds of ammonium nitrate produced a crater 400 feet in diameter 
with a true depth greater than 90 feet. Because of the low rate of 
detonation of ammonium nitrate, the volume of the crater was but 
10,000,000 instead of the. 75,000,000 cubic feet indicated bv the above 
formula. Military bursting charge explosives, therefore, are much 
more effective cratering agents than commercial blasting explosives, 

and the above formula is not. applicable to them. 

e. When the explosive is buried in the ground at a depth greater 
than the radius of rupture, the compression effect downward and 
horizontally and the lifting upwards with subsequent subsidence re- 
sults in a cavity in the surface known as a camoujfot. If a proper 
charge of TXT is buried so that a common crater is formed, the ratio 
of the true diameter of the crater in feet, D, to the depth of burial 
in feet, L, will be two. Based on experience, such crater formation 

can be estimated by the formulas 




where W is the weight of TNT in pounds and Z is a constant having 
values of 0.054, 0.066, 0.084, and 0.10 for light earth, common earth, 
hard sand, and hardpan or heavy clay, respectively. If VV is calcu- 
lated from either of these formulas, an overcharge is added, this being 


100 percent for 25 pounds, 50 percent for 25 to 100 pounds, 25 percent 
for 100 to 250 pounds, and 10 perc ent for more than 250 pounds. 1 he 
use of an explosive other than TNT requires further modifications of 

the formulas. 


f. The use of cratering operations in the field has led to the develop- 
ment of special cratering explosives. These are not to e con usu 
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with the explosives having high rales of detonation used for producing 
earth shocks. 

g. As cratering effect is considered to measure to some extent the 
demolition effects of general purpose bombs, these arc sometimes 
tested for size of crater produced. The formula 

V— 4.13 W 


where Y is the volume of the crater in cubic feet and W is the weight 
of the explosive component in pounds, has been found to hold for 500 
and 1 .000-pound bombs loaded with TNT. 
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Figure S3. Earth eratrr from czplo*ion. 


36. Munroe Effect 


a. The practical application of the blast clfect and Munroe effect 
of explosives represent the major advances in the use of explosives 
during World War IT. While the blast effect was utilized to enhance 
demolition at a distance, the Munroe effec t , through the use of shaped 
charges, enabled the concentration of explosive action, so as to have 
great effect in penetrating steel armor, concrete, etc. 

b. in I88S, C. E. Munroe discovered that if a block of nitrocellulose 
wttli letters countersunk into its surface is detonated with its lettered 
surface against a steel plate, the letters arc- indented into The plate. 
On the other hand, if the hitters were raised al*»vc the surface of the 
nitrocellulose, the detonation of this reproduced the letters in relief 
on a steel plate. From this it can he seen that the great rst effect is 
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produced where the explosive is not in direct contact with the steel 
plate. This might be considered as showing the enhanced effects of 
I donation waves from different directions meeting and reinforcing 
Uch other. Munroe found that by increasing the depth of the de- 
pression or cavity in the explosive he was able to increase its effect on 
a pi col plate. In spite of later investigations by other workers, it 
%v a* not until World War 1 1 that military use was made of the principle. 
The end of that conflict found it in use by all the warring tuitions. 

c. As used , a shaped charge consists of the essential parts shown in 
figure 24. The cone liner may be of metal, glass, or other inert ma- 
p-rial. if no cone liner is employed, such a charge has essent ially the 
same effect us a lined charge, if the two are in direct contact with the 
steel target. In such a case, the action of the unlined charge is 
ascribed to not only incident and reflected shock waves, but also to a 
third particular type of shock wave formed as a result of the collision 



of shock waves coining from the conical wall of the cavity. The 
action of such a charge, then, is that of a mass of dense gas moving 
with great velocity. On the other hand, the focused disruptive action 
of a lined charge in contact with a steel target is due to the jet formed 
by the solid, collapsed liner. If detonation of Utilised and lined 
charges takes place wilh the charge at an appropriate distance from 
the target, tin- unlined charge is less effective, while the effectiveness 
of the lined charge is increased. Under such conditions the effect of 
the cavity in the uulined charge merges into the general blast, effect 
of the charge. 

d. The mechanism of the lined charge appears to be that of col- 
lapse of tin- liner, due to the reflection and focusing of the detonating 
wave as it becomes incident to tin* cone wall. If the stand-off dis- 
tance is optimum, collapse of the liner can be complete, ns shown in 
figure 25, before it reaches the target. In figure 25. A shows the initial 
state of a cone of 40 degrees angle. 13 the beginning of collapse of the 
cone, and C further collapse. In the next phase, D, a small jet 
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Figure So — Continued. 
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emerges from the base of the cone while collapse continues. As 
shown by E, there follow elongation of the jet and complete collapse 
of the cone. As shown by F, the jet from a steel cone then breaks up 
Into small particles followed by the slug or major portion of the com- 
plete collapsed cone. The mechanism of collapse of liners of large 
apex angle or hemispherical shape probably differs somewhat and 
resembles turning inside out. 

e. The long, narrow jet of moving particles ejected along the axis of 
the cavity has a velocity gradient from the tip to the rear, the particles 
at the tip moving fastest and the slug at a relatively low rate. Small 
portions of the jet maintain high velocity over a relatively long ran^e. 
The jet particles, and not the slug, constitute the penetrating agent. 
The high-velocity jet particles exert pressures on the target measured 
in terms of several hundred thousand atmospheres. Such pressures 
so greatly exceed the yield strength of the target material that it is 
literally pushed aside from the path of the jet by plastic flow. Even 
though material from the jet is “captured” by the target the diameter 
of the hole produced is always greater than the diameter of the jet. 

/. Tire penetrating action of a shaped charge is affected by a number 
of factors. The explosive used is of great importance; and, while the 
depth of penetration is indicated to be more closely related to the 
detonation pressure than the rate of detonation, in general, the 
greater effect is produced by the explosive having the greater rate of 
detonation. Very little effect is produced by explosives having rates 
of delonation of o,000 meters per second or less. TNT has a relatively 
low rate of detonation; and other castable explosives with greater 
rates of detonation, such as composition B, pentolitc, and ednatol are 
much superior to TNT when used in shaped charges. 

g. The type of material used as a liner and its thickness are impor- 
tant. Increase in thickness of the liner up to 1 mm for charges about 
lh biches in diameter causes increase in depth of penetration, but 
further increase in thickness has no significant effect on depth of pene- 
tration until it reaches a critical thickness, above which performance 
deteriorates. Comparative test with Hirers of different metals gave 
results (table XIV) that indicate Hurt-, in general, the depth of pene- 
tration is greatest with metal of the greatest density. However, 
ductility also plays a major role in penetration. 


Table M\\ Egret of Liner Material an Shaped Charge Efficiency 


Lukt material 

a 

i 

Copper 

Steel 

Zinc 

Aluminum 


Densil v 
► 


TH'pth at opti- 
mum stand-off* 

(in) 


Diami'kr of en- 
trance bole (mm) 



*In ttirgiHs. 
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As the depth of penetration decreases and the diameter of the bole 
increases, the volume of the hole is practically unchanged. Tlie hole 
volume correlates with the total energy of the explosive. 

h. The stands jf distance, or distance between the target and the 
l)ase of the conical cavity required for maximum penetration effect, 
varies with the metal used as a liner. With a given liner, there is an 
optimum stand-off distance above and bclow^ which less penetration 
effect is obtained. As stated previously, the jet is the penetrating 
agent; and as stand-off distance is brought into existence and increased, 
there is more time in which the jet can become extended. The 
results of this are increase in depth of penetration and decrease in 
diameter of the hole produced. However, after a certain stand-off 
distance, the jet has a tendency to break up both axially and radially. 
Tins prevents ductile drawing of the jet (in the case of continuous 
jets such as Cu) and increases the cross-sectional area and results in 
bifurcation and/or polyfureat ion of the jet. Thus penetrating 
effect rs decreased. Optimum starid-off distance must he determined 
experimentally for each type of shaped charge design. 

i. Various cone angles and other shapes of cavities have been studied 
and list'd. Hemispherical cavities have been found to produce more 
shallow but wider holes than conical cavities. A helmet-shaped 
cavity (fig. 26) produces greater penetration than either the simple 
cone or hemisphere alone and was used by the Germans in their 
counterpart, of the bazooka. As it has been found thal a charge wiih 
an axial cavity above the liner gives increased penetration (due to 
the prejet from tills portion of the charge), a so-called flashback tube 
is attached to the apex or pole of the liner, such as the combination 
hemispherical liner with flashback tube (fig. 20) used in the projectile 
for the 5 7 - mm reeoilless gun. A further extension of this combination 
of cavities is the bottle-shape. In these two designs, with a hole 
throughout the charge, the jet from the liner of tire cylindrical part of 
the cavity is formed first and tills is followed by jet and slug from the 

liner of the hemispherical portion of the cavity. 

j. The loading of shaped charge ammunition requires great preci- 
sion, if maximum and reproducible penetration effects arc to be ob- 
tained. Misaliriement of the cavity axis with the axis of the explosive 
charge causes decrease in the penetration value of the jet. Uneven 
thickness of the metal liner, formation of a nonuniform layer of ex- 
plosive at the base of the cavity, and voids or low-density regions in 
the explosive chaige all have adverse effects on penetrafion value. 
These adverse effects are more pronounced for' small than for large 

charges. 

k . When used in projectiles that are subjected to rotation, there is 
much less penetration effect of a shaped charge than when it is fired 
statically, investigation has showm that even low rates of rotation 
have a measurable effect and that this increases with increase in rate 
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DIRECTION OF DETONATION WAVE 
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Figure Sft. Serial forms of shaped charges. 


of rotation until a maximum effect is observe# I at certain point. Fur- 
ther increase in rate of rotation causes no further reduction in pene- 
tration value. Shaped charge projectiles, rotating at rates required 
for satisfactory flight stability, yield penetration effects but then only 
50 percent or less of the effects obtained in static l<*sis. Rotating 
shaped charges produce holes of greater diameter than static charges, 
but rot al ion does not affect ihe volume of the hole produced. The 
relative effect of rotation is approximately the same with both light 
and heavy cone liners; and changing the apex angle of the cone does 
not eliminate the reduction in penetration caused by rotation of the 
charge. 

I. Determination of shaped charge effects is made by placing the 
assembly vertically, at a measured stand-off distance, above a pile of 
armor-plate stool plates 0.5 inch thick and detonating the charge. 
Great care must be taken to insure that the common axis of the charge 

and cavity is exactly perpendicular to the plane of the surface of the 
top plate. If a shaped charge is to be tested when under rotation, it 
is mounted at the end of an extension of the shaft of a motor capable 
of being run at selected speeds. After detonation of the charge, the 
depth of the hole, its average diameter at the top, and its volume are 
determined. Figure 27 shows in crosssection a typical hole produced 
by a shaped charge. 
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,gurc S7. Perulratinn of *U:l h„ > l shaped charge. 


m Shane* chafes are used in artillery and rockcl projertilca. dem- 

Jjuiu chad's, and antitank min*. "> ■««»•'* 
tiles «hupcdl charges have the advantage m that their penetration 
^r^lepetlden, of terminal velocity a, Ihe Urge,. Although 
,JLr potent nl eflidcncy is much redueed by their rotation. swh 

shaped charge projectiles ran penetrate a greater ihiokmss of arm r 
plate than corresponding shell with » convent, onal 'ban. - The 
ba/.ooka anJIMPAl rifle grenade projectiles are not rota ed and^h r.- 
fon- function, .ill. maximum effectiveness. Having charges of only 
OS and 0.0- pound, respectively, of SO 30 pentohte they can pene- 
trate" to S. inches of armor plate. The M2A3 and M3 demolition 
limped Charr.es contain approximately 12 an. 30 pounds. r«pcct.vely 
of 50 5(1 p, latolite. The former is capable of penetrating 36 no bra of 
reinforced concrete or, if tl.c concrete is thicker, will produce a hole 
30 inches dttep and 2 to 3 inches in diameter The M3 charge 
penetrate t- ' inches of concrete. Such demolition chargee are u>ed 
or dost roving concrete pill boxes, knocking out bridge pillars. and 
severing sorting bridge spans. The Germans used a shaped 
charge anti auk mine, which really was a demolition charge, since , 
was place .... enemy tanks or similar targets rather , ban being Imned 
beneath ,W surface of the ground. With a shaped explosive charge 
Of 2.5 pon.ds of an RDX-TNT mixture. - could penetnne am or 
plate 6 im-ics thick, producing a hole 1.2# inches 'n du.tneler .nd 
causing mis'll flaking or spalling of steel from the m.enor of Lhe tank 

Application of ihe shaped charge principle to other types of am- 
munition has 1-en made or is under way, but 

no. within the restricted scope of Hus manual. Tins appl es also to 
developmec Is in the direction of nullifying the effect* of the shaped 

i nnks. etc., from such effects. 
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SECTION VI 
BLACK POWDER 


I 


37. Ignition, Fuze, and Fuse 

a. General. Black powder is the generic name originally applies! to a 
mixture of charcoal, sulfur, and potassium nitrate and now applied 
also to compositions containing bituminous coal instead of charcoal 
and sodium nitrate instead of potassium nitrate. In appearance it 


varies from a black, very fine powder to dense pellets which may be 
black or have a grayish-black color because of a graphite-glazed sur- 
face. The composition of black powder containing potassium nitrate, 
charcoal, and sulfur has remained essentially unchanged for 400 
years, as any considerable modification of t he 75:15:10 proportionality 
of the ingredients has been found to result in the powder burning more 
slowly or producing less effect. While no longer used as a military 
propellant, black powder finds application in the ignition of smokeless 
powder, time fuzes, saluting changes, squibs, smoke-puff charges, and 
catapult charges. Other uses are in ignition of rocket and missile pro- 
pulsion units by means of black powder and black powder composi- 
tions used in rocket, Jato, and missile boost era and sustainers. 

fr . C»mjmrHion tmd Combustion L — Standard - - b l ack powder contai ns- 
74.0+1.0 percent potassium nitrate, 15.6 + 1.0 percent charv^^fl+mid 
10.4 4:1.0 percent sulfur. Its autocom bastion may be-ebnsidered to 
be in accordance with the approximate ^phic^bi ? quation — 

74 KXOj+96 O+30 C0 2 +14 CO +3 

, ) en 4 +2 H 2 s+^H^i>AKedH-7 k 2 so 4 +b k 2 s,o 3 +2 k 2 s +2 

' 1 KSCX + (X H^gm+C+ s 

As a restdt^>+^onibiistion, there are liberated approximately 680 kg 
cal^+tfiat and there are formed 600 grams of solids and 278 liters 


c. Burning Rate. The type of charcoal used in the manufacture of 
black powder is reflected by the burning rate of the powder, which 
bums much more rapidly when made from willow or alder charcoal 
than when made from oak charcoal. Increase in the percentage of 
nitrate, with corresponding decrease in j>ercentage of charcoal, causes 
decrease in the burning rate, but this is unaffected by small changes 
in the proportion of sulfur present. The presence of more than 0.2 
percent of moisture causes a decrease in the burning rate. Black 
powder made by simple mixing of the ingredients burns much more 
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* oVf \y than that in which the ingredients are “incorporated” or 
gelded together by a wheel mill. When pressed, an incorporated 
black powder is not porous and the burning rate decreases with in- 
rease in density. When subjected to pressures of 25,000 and 75,000 
Igj black powder has density values of 1.74 and 1.88, respectively. 
As' manufactured, it has a particle density of 1.72 to 1.77. When 
confined, increase in gas pressure causes increase in burning rate, this 
being approximately 4 inches per second at a pressure of 25,000 psi. 

d Manufacture. Black powder is manufactured by pulverizing 
charcoal and sulfur together in a ball mill, whereby some of the sulfur 
jg incorporated or worked into the cellular openings of the charcoal. 
The dampened material is mixed with finely ground nitrate and the 
moisture content is adjusted to approximately 4 percent. About 300 
pounds of the mixture are placed in a wheel mill (fig. 28) having two 
wheels, each of which is 18 inches wide and weighs 8 or 10 tons. The 
milling operation, which is continued for 3 to 6 hours, increases the 
degree of incorporation. The milled material is pressed into cakes, 
using a pressure of approximately 6,000 psi. The cake is broken up 
by means of adjustable rolls having corrugated surfaces. The several 
rolls in the corning mill reduce the material to the desired grain size. 
Passage of this over shaker screens removes dust and fines, which are 
returned In the wheel mill. The coarse material is passed through the 
rolls a second time and is rescreened. In the blending house, the 
screened material is tumbled for about 8 hours iu a rotating drum of 
hardwood. Because of friction, the powder is heated to as much as 
65° C., and any moisture present is removed by evaporation. If the 
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powder is to be glazed, graphite is added to the contents of the drum, 
after the moisture has been reduced to a certain point but before the 
powder is too dry. The dried powder is separated into standard gran- 

sieving and then packed in metal drums holding 20 to 
25 pounds. The manufacture of black powder is hazardous because 
of sensitivity to ignition by spark, and the separate operations are 
conducted by remote control in widely separated buildings. The 
corning mill operation is considered the most hazardous. 

e. Granulations. Military black powder is manufactured in a range 
of grain sizes, each of which is identified by a designation— grade, 
symbol, or name — as shown in table XV. 

j. Sensitivity. Black powder is less sensitive than tetryl, as Judged 
by impact tests, and undergoes no ignition in the pendulum friction 
test with a steel shoe. In the sand test, it crushes no sand when 
ignited by a flame and only 8 grams when initiated by tetryl or PETN. 
Having an explosion temperature test value of 457° C., it is also rela- 
tively insensitive to nonradiant heat energy. Its high degree of 
accidental explosion hazard, therefore, is attributable to its great 
sensitivity to ignition by flame, incandescent particles, or electric 
spark. The ballistic pendulum test shows black powder to be 50 
percent as powerful as TNT, but efforts to detonate it, by means of a 
booster explosive, have resulted in a maximum rate of decomposition 
approximately only 400 meters per second. 

g. Stability and Hygroscopkily . In the absence of moisture, black 
powder is of a high order of stability, its ingredients being essentially 
nonreactive with each other even at 120° C. Heating black powder 
above 70° C., because of the rapid increase in the volatility of sulfur 
above that temperature, results in change in composition or uniform- 
ity of composition. Black powder is undesirably hygroscopic, this 
being due even more to the charcoal present than the hygroscopic 
nitrate also present. When used for military purposes, black powder is 
required to contain not more than 0.7 percent of moisture and, gen- 
erally, is dried so as to contain only 0.2 to 0.3 percent of moisture 
immediately before loading. While the presence of moisture does not 
cause black powder to become unstable, in the presence of moisture 
it reacts with and corrodes metals such as steel, brass, and copper. 

h. Ignition HlacJc Powder. Black powder used for igniting charges 
of smokeless powder has the standard composition and is, generally, 
granulated so that, at least 92 percent of the powder passes through 
a TSo. 4 sieve and is retained on a No. S sieve. The grains are glazed 
with graphite. The large number of finely divided, incandescent 
solid panicles, produced by the burning of black powder, make it a 
better igniting material for smokeless powder than finely divided 
smokeless powder itself. The potassium nitrate and sulfur, used in 
the manufacture of this type of black powder, are required to be of 
high purity. The charcoal used is required to be made from a specified 
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Table X V. Granulations of Black Powder 
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tvoo<I and contains a hunted percentage of volatile matter. As a 
further control m the quality of the charcoal, the finished black powder 
is required to have an ash content no greater than 0.80 pereent 

Black Powder for Fuzes. Black powders used for loading the 
time-tram rings of fuzes have the standard composition in some cases 
the granulations in these cases being such that at least 97 percent 
passes ; through a No. 140 sieve or at least 97 percent passes through a 
. 40 sieve and not more than 5 percent, passes through a No. 100 

sieve. The grains of fuze powder are not glazed with graphite, 
fuze powder having the standard composition is required to have a 
certain burning rate when loaded in a standard M54 fuze and tested 
under specified conditions. Such powder burns too rapidly for use 
in some fuzes, so a slow-burning powder is used. This has the com- 


position — 

. Percent 

Potassium nitrate 70.0 ±1.0 

Semibiturainous coal 14.0±1 0 

Sulfur 1 6.0 ± 1 .0 


This powder, which in use may be blended with powder having the 
standard composition, is required to contain not more than 0.75 
percent of moisture and be of such granulation that at least 98 percent 
passes through a No. 140 sieve. When loaded in a specified fuze and 
burned, it is required to have a specified burning time, with a maximum 
dispersion in burning time of not more than 2.0 seconds. Coal powder 

? blen J d t d a '! d mat milIod - Tllc characteristics of this composition 
depend largely on those of the coal used, and the volatile matter 

fixed carbon, ash, and sulfur contents of this arc specified Like 

fuze powders having the standard composition , slow-burning fuze 

powder is not glazed with graphite. As coal has only the vestiges of 

a cellular structure, the manufacture of slow-burning fuze powder 

c oes not result m the same degree of incorporation as is obtained with 

the standard composition. Because of this and the differences in 

composition the slow-burning powder burns only 60 percent as 

rapidly as the standard composition and does so with less uniformity 

BIa f: P ^rJor Fuzes. Black powder used in the manufacture 
of time blasting or safety fuze may have the standard black powder 
composition, be a modification of the proportions of the ingredients of 
this, or contain inert diluenls such as graphite, brick dust, or borax. 

I he most common type of fuze burns at a rate of about 1 foot in 40 
seconds. This low burning rate is ascribable to the design of the fuze 
as well as the composition used. The powder used is manufactured 
by the same process as that having the standard composition. It is 

produced as a finely granular, free-flowing powder which is compacted 
during the loading operation. 

k Analysis. The moisture content of black powder is determined 
by heating a 2 -gram sample at 70° C. for 4 hours, cooling, and finding 
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the loss in weight. The nitrate content is determined by extracting 
a jo-gram sample with hot water, drying the residue at 70° C. for 4 
hours, cooling, and considering the loss in weight as nitrate and 
moisture. The residue is extracted with carbon disulfide, dried at 
100° C. for 1 hour, and cooled. The loss in weight represents the 
sulfur present. The weight of residue after this extraction represents 
the charcoal or coal present in the black powder. This is ignited in a 
muffle furnace until all carbonaceous matter has been burned away. 
After cooling, the nonvolatile mineral matter is weighed and con- 
sidered to represent the ash content of the powder. 

38 . Sodium Nitrate Black Powder 

a. When sodium nitrate is substituted for potassium nitrate in black 
powder and the proportions of the ingredients are changed somewhat, 
there is obtained a composition that is more hygroscopic but burns 
more slowly and is cheaper than standard black powder. The 
sodium nitrate black powder used for military purposes and blasting 
operations has the following composition — 

Percmt 


Sodium nitrate 72 ±2 

Charcoal i(i±2 

Sulfur 12 ± 2 


The grains of powder are glazed with graphite. 

f>. For commercial use, sodium nitrate black powder is sieved to 
sizes designated as CCC, CC, C, F, FF, FFF, and FFFF. The average 
diameter of the CCC particle is about 14 mm, while that- of the FFFF 
particle is only 1 to 2 mm. Sodium nitrate black powder for military 
use is granulated in three classes. Class A powder is of such fineness 
that at least 97 percent passes through a No. 12 sieve, at least 45 
percent passes through a No. 16 sieve, and at least 95 percent is 
retained on a No. 40 sieve. This class is used in saluting charges. 
Class B powder is used in practice bombs and is of such granulation 
that at least 97 percent passes through a No. 4 sieve and at least 95 
percent is retained on a No. 16 sieve. Class C powder, which is used 
for torpedo impulse charges, is required to pass through a sieve having 
/in-inch openings and be retained on a sieve having yx-in ch openings. 
Black powder used in rocket or missile igniters has designated granu- 
lation depending on speed of ignition and the quality of brisance 
effect-. 

c. Sodium nitrate black powder has a specific gravity of 1.74 to 1.82 
and is slightly less sensitive to impact than black powder containing 
potassium nitrate. The heat of explosion and gas volume values of 
both are approximately equal, but since the sodium nitrate powder 
burns the more slowly, it lias even less brisance than (lie potassium 
nitrate powder. They are of the same order of stability. Both 
compositions are manufactured by the same process. 
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39. Compositions For Squibs 

a. Squibs being designed to produce a voluminous flash of flame, 
there is used a finely granular composition that is only slightly com- 
pressed. This is loaded into a tube, with one end closed by a moisture- 
proofing paper disk. Ignition of the squib composition is effected at 
the other end. 

b. Squibs for military use are caused to function by the heat devel- 
oped by an electrical resistance wire. This may ignite a charge of 
either potassium nitrate or sodium nitrate black powder or an ignition 
composition containing — 

Ptrcent 


Potassiu in chlorate 58 

Diazoclinitrophenol 48 

Kitrostarch 2 


This ignites the main charge of black powder. In some cases, the 
black powder charge is ignited by a inatchliead composition con- 
taining — 

Percent 


Potassium chlorate 30 

Antimony sulfide 20 

Dextrin _ 50 
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SECTION VII 

UNITED STATES HIGH EXPLOSIVES 


40. Initiating Agents 

a. Initiating agents used in military ammunition include priming 

compositions and initial detonating agents. 

b. Priming compositions are physical mixtures of materials that are 
very sensitive to impact or percussion and, when so exploded, undergo 
very rapid autocombustion. The products of such an explosion are 
hot gases and incandescent solid particles. Priming compositions are 
used for the ignition of initial detonating agents, black powder igniter 
charges, propellants in small arms ammunition, etc. 

c. Initial detonating agents are high explosives that are so sensitive 
to heat, impact, and friction that they undergo detonation when sub- 
jected to a flame or percussion. They are used to initiate detonation 
of the less sensitive high explosives comprising bursting charges, 
demolition high explosives, and dynamites. Most initial detonating 
agents have distinctly lower rates of detonation and brisance values 
than those of the explosives they are used to initiate. As they include 
azides, fulminates, and diazo-, nitro-, and iiitroso-eompounds, many 
of the initial detonating agents used arc less si able than the noniniti- 
ating military explosives. Many compounds that have satisfactory 
initiating characteristics are too unstable or sensitive for use in military 
ammunition and, consequently, those actually in use are limited in 
number. 

41 . Initial Detonating Agents 

a. Lead Aside. 


G' 


molecular weight of 29 1 .258 . Lead azide exists i n twpitfrnia : 
orthorhombic (a), density 4.71 yand monochm<>^57 density 
4 .93. The monoclinic form is much the m^pe^ensil ive. The 
pure compound, as usual w {^parejl<iioi isists of colorless, 
needle-like crystals. Foirwjjtt the loo sensitive ortho- 
rhombic form is prey^fMUjftlic very slow mixing of very 
dilute sohuiAns ff|u}i?4ead nitrate and sodium azide from 
which lead a&w3wpre pa red . It can also be produced in the 
form of fmwymvided amorphous aggregates by the rapid 
mixiiuKffjrelaUvclv concentrated solutions of lead nitrate anti 
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(2) The azides of lead, silver, and mercury were first prepared by 
Curtins in 1890 and 1891. The hazards involved in the 
manufacture and handling of the pure material delayed its 
praet iral use for many years ; but it, lias been used in this form 
in some foreign countries since 1920. Military and com- 
mercial use of “dexlrinated” lead azide, an impure form, has 
been made in the United States since about 1930. This form 
will be that considered in the discussion in (3) through (18) 
below. 

(3) Dexlrinatcd lead azide is manufactured in the form of rounded 
aggregates, which have no observable crystal faces under a 
magnification of 50 diamet ers (figs. 29 and 34). It is white 
to huff in color and contains approximately 93 percent lead 
azide, 4 percent lead hydroxide, and 3 percent dextrin and 
impurities. It is used in detonators and priming 
compositions. 



Figure 2f). Lead azide crystals, 100 X. 


(4) The dextrinated and crystalline forms of lead azide have 
apparent density values of approximately 1.5 and 0.8, 
respectively, the absolute density of the dextrinated form 
being 4.38. When subjected to various pressures, the two 
types of lead azide have been found to have density values 
given iu table XVI. 

Compressed lead azide has been reported to have a specific 
heat value of 1.55 calories per gram per degree Centigrade. 






(5) Pure lead azide is soluble in water to the extent of only 0.02 
percent at 18° C. and 0.09 percent at 70° C. Dextrinated 
lead azide may be soluble in cold water to the extent of 1 
percent, because of the solubility of the dextrin present. 
Both forms are almost insoluble in ether or acetone at their 
boiling points. Cold ethanol lias little if any solvent action 
on lead azide, and the material can be stored when wet with 
a mixture of equal volumes of water and ethanol. Pure lead 
azide is somewhat soluble in an aqueous solution containing 
10 percent of ammonium acetate. It is insoluble in am- 
monium hvdroxide solution. 

(6) When exposed to an atmosphere of 90-pcrcenL relative 
humidity at 30° C., dextrinated and cyrstalline lead azide 
are hygroscopic to the extent of 0.8 and 0.03 percent, re- 
spectively. 

(7) Lead azide is decomposed by a 10 percent solution of sodium 
hydroxide, with the formation of lead hydroxide and sodium 
azide. A solution of ceric ammonium nitrate decomposes 
lead azide, with the quantitative liberation of nitrogen. 
When dissolved in aqueous ammonium acetate, lead azide 
reacts with potassium dichromate to form potassium azide 
and insoluble lead chromate. Dry lead azide does not react 

4-* 

with or corrode steel, iron, nickel, aluminum, lead, zinc, 
copper, tin, or cadmium. Tl does not affect coatings of 
acidproof black paint, baked oil, XRC compound, or shellac 
or steel surfaces that have been phosphatized. In the 
presence of moisture, it corrodes zinc and copper; and, in the 
latter case, it forms the extremely sensitive and dangerous 
compound copper azide. For this reason, lead azide is not 
loaded so as to be in direct contact with uncoated copper or 
its alloys; aluminum, generally being used for detonator 
shells, etc. 
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(8) Dextrinated and pure lead azide have calculated activation 
energy values of 23.4 and 41.3 kilogram-calories, respectively, 
per gram molecular weight. Upon detonation, pure lead 
azide liberates 367 calories of heat and 308 milliliters of gas 
per gram, the lead produced being in the gaseous form. 
These values are slightly less than the corresponding values 
for mercury fulminate. Because of the nonexplosive dilu- 
ents present, the heat produced by dextrinated lead azide is 
somewhat less than that produced by explosion of the pure 
compound. 

(9) Dextrinated lead azide is manufactured as follows: 164 
pounds of lead nitrate and 8.25 pounds of dextrin are dis- 
solved in 245 gallons of water and the pH of the resulting 
solution is adjusted to 5.4 by the addition of sodium hydrox- 
ide. The solution then is heated to 71° C. and stirred 
vigorously. While agitation is continued, there is added 
slowly 233 gallons of an aqueous solution containing 64 
pounds of sodium azide and 1.6 pounds of sodium hydroxide. 
The reactions taking place are — 

Pb(N0 3 ) 2 +2 NaN 3 — >2 NaN0 3 +Pb(N 3 ) 2 

Pb(N0 3 ) 2 +2 NaOH-^2 NaNO 3 +Pb(0H) 2 

At the same time that insoluble lead azide and lead hydroxide 
are precipitated, dextrin also separates out. This acts as a 
binding agent for the particles of solid matter precipitated, 
and there are formed nodular aggregates, some of which are 
retained on a No. 270 sieve while others pass through a No. 
325 sieve. The precipitated material is caught on a cloth 
and washed with water until the washings are free from 
nitrate. The purified product is kept in a wet condition 
until used. 

(10) Only one grade of lead azide is manufactured for military 
use. It is required to be white to buff in color, be free of 
needle-shaped crystals longer than 0.1 mm, have a minim um 
lead azide conl.ent. of 91.5 percent, have a total lead content 
of 68.5 to 71.15 percent, be free of acidity, have a maximum 
solubility of 1,0 percent in cold water, and cause the com- 
plete detonation of tetryl when used in the sand test. The 
requirement that it be free of needle-shaped crystals longer 
than 0.1 mm prevents the presence of very sensitive crystals, 
which are believed to detonate when broken by the applica- 
tion of pressure. The other requirements assure the de- 
sired composition, its noncorrosiveness, and its effectiveness 
as an initiating agent. 
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(11) Dextrinated lead azide is less sensitive to impact than 
mercury fulminate, lead styphnatc, diazodi ni tro phenol, 
tetroeene, or crystalline lead azide. The small aggregates 
that pass through a No. 325 sieve arc slightly less sensitive 
than those that pass through a No. 230 sieve and arc retained 
on a No. 270 sieve. When wet with water for 95 percent 
ethanol, lead azide has the comparative sensitivity values 
shown by table XVII. 



(12) W hen pure lead azide is heated at 245° to 250° C., it. decom- 
poses into nitrogen and lead without explosion. In the 
explosion temperature test., temperatures of 340° and 345° 
C. are required to cause the explosion of dextrinated and 
crystalline lead azide, respectively, in 5 seconds, while a tem- 
perature of approximately 390° C. is required to cause the 
explosion of either in 0.1 second. These temperatures re- 
quired for explosion are much greater than the corresponding 
values for mercury fulminate, lead styphnatc, diazodinitro- 
phenol, and tetracene and reflect the greater difficulty in 
igniting lead azide in practical use. 

(13) When subjected to the sand test, dextrinated lead azide is 
indicated to be 95 percent as brisant as the pure crystalline 
material, but only 75 percent as brisant as mercury fulminate 
and 37 percent as brisant as diazodinitrophcuol. Dextn- 
nated and pure lead azide are indicated to have rates of 
3,900 and 4,300 meters per second, respectively, when 
pressed at 3,000 psi (density values 2.62 and 2.65). When 
pressed so as to have a density of 4.0, the rates of detonation 
arc indicated to be 5,000 to 5,200 meters per second. 

(14) Trauzl lead block tests have shown dextrinated lead azide to 
be 89 percent as powerful as the pure compound, but only 
80 percent as powerful as mercury fulminate. 
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(15) Dead azide is an excellent initiating agent for high explosives. 
While not superior to mercury fulminate for detonating the 
less sensitive explosives, such as TXT and picric acid, it is 
markedly superior as an initiator for the more sensitive 
explosives, such as tetryl, RDX, and PETN. Unlike 
diazodinitrophenol, it cannot initiate the detonation of 
explosive “D” or cast TNT. 

(16) The stability of dextrinated as well as pure lead azide is 
exceptional. This is indicated by 100° C. heat and vacuum 
stability tests and also by storage tests. It has been found 
to be unchanged with respect to purity or brisance after 
storage for 25 months at 50° C. or under a water-ethanol 
mixture at ordinary temperature. Storage at 80° C. for 15 
months caused no decrease in brisance mid, after such storage, 
a priming composition containing lead azide showed no 
decrease in sensitivity to stab action. 

(17) Lead azide is not. considered to be particularly toxic; but 
inhalation of the dust should be avoided, as this causes a 
headache and distention of the blood vessels. It has been 
recommended that the lead azide content of air be prevented 
from exceeding 0.2 milligram per cubic meter in order to 
avoid undue toxicity. 

(18) The insensitivity of lead azide to percussion and its relatively 
high ignition temperature have prevented its complete 
replacement of mercury fulminate. Nevertheless, its some- 
what superior initiating action, complete stability from a 
practical viewpoint, low cost, and the greater availability 
of its raw materials make lead azide the most important 
initial detonating agent for military use. It also is used 
extensively in the manufacture of commercial blasting caps. 

b. Mercury Fulminate . 

(1) Mercury fulminate, HgfOXC):, is a salt of an acid that is too 
unstable to exist in the free state. The mercury salt has a 
molecular weight of 284.65 and is white when pure but, as 
manufactured, if is only 98 to 99 percent pure and is gray- 
ish. It forms octahedral crystals, usually truncated, only 
the smaller crystals being fully developed (figs. 30 and 34). 
It crystallizes from water with half a molecule of wmter 
of crystallization, but lacks this as manufactured. 

(2) First prepared by Johann Kunckel von Lowenstem (1630- 
1703), the preparation and properties of mercury fulminate 
were first described in 1800 by Howard. It was not until 
1867 that the compound w as used as initial detonating agent, 
when Nobel used if lo del omit e nitroglycerin. Because of 
its sensitivity to tlame and percussion, it was for many years 
the most important material used in detonators and as an 
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Figure 30. Mercury fulminate crystals. 135 x. 

ingredient of priming compositions. Since 1930, it has been 
replaced extensively by lead azide, but is still used to some 
extent in military ammunition and commercial blasting caps. 

(3) Mercury fulminate has a crystal density of 4.42 and an 
apparent density of 1.35 to 1.75. When subjected to pres- 
sures of 3,000, 10,000, 20,000, and 50,000 psi, density values of 
3.0, 3.6, 4.0, and 4.3 are obtained. Pressure at 25,000 to 
30.000 psi or more causes the dcsensitization of mercury 
fulminate to such an extent that the “dead -pressed” material 
merely ignites and bums when subjected to contact with a 
flame. Dead-pressed mercury fulminate is detonated if it is 
covered with a layer of loose or slightly compressed fulmi- 
nate and this is ignited. Mercury fulminate in compressed 
form is reported to have a specific heat value of 1.1 calories 
per gram per degree Centigrade. 

(4) Soluble in wafer to the extent of only 0.01 percent at 15° C. 
and only slightly soluble in cold ethanol, mercury fulminate 
can be stored under wal er or, when there is danger of freezing, 
under a mixture of equal volumes of water and ethanol or 
methanol. It is dried easily and is hygroscopic to the extent 
of only 0.02 percent when exposed to an atmosphere of 90 
percent relative humidity at 30° C. It is soluble in aqueous 
ammonium hydroxide or potassium cyanide and in pyridine, 
and can be recovered from such solutions by treating the 
ammonium or potassium solution with acid or by adding 
w ater to the pyridine solution. 
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(5) Mercury fulminate reads with concentrated hydrochloric 
acid to form hydroxylamine, H 2 N.OH, and formic acid, 
HCOOIT. It reacts with sodium thiosulfate in aqueous 
solution, with the formation of mercury letrathionate— ~ 

Hg(()NC) 2 +2 Na,S 2 0 3 +H 2 ()->HgS 4 0 6 +2 NaOH+ 
NaCN+XaXCO 

If allowed to stand, a secondary reaction occurs with the 
formation of sulfate and thiocyanate — 

HgSA, + 2 N aOH + XaCX + XaNCO >HgS0 4 + 
NaaSO,+2 XaNCS+ILO 

The first reaction can bo used for determination of the 
purity of mercury fulminate. Even in the presence of 0.5 
percent of moisture, pure mercury fulminate does not. react 
with any of the ordinary metals. However, the standard 
grade of mercury fulminate may contain as much as 1 per- 
cent of free mercury and, if this impurity is present to an 
appreciable extent, the mercury fulminate may cause slight 
corrosion of copper or its alloys by amalgamation. 

(6) Mercury fulminate is manufactured in relatively small 
quantities. A solution of 1 pound of redistilled mercury in 
8 to 10 pounds of nitric aeid of specific gravity 1.4 is heated 
al 55° to 60° C. and then poured into a large balloon flask 
containing 8 to 10 pounds of 95-percent ethanol. The flask 
rests in a hath of running cold water. After 1.5 hours the 
reaction is complete; and when (he reaction mixture has 
cooled to room temperature, all of the fulminate has settled 
out. This is caught on a cloth screen and washed with 
cold water until free of acid and fine impurities termed 
“fulminate mud." The washed fulminate is transferred 
to cloth bags and stored wet until used. The yield is 120 
to 130 parts per 100 parts of mercury. Ethyl nitrate 
(C 2 rr 5 .OXO a ) t ethyl nitrite (C 2 H 5 .()XO), and nitroelhane 
(CjlljXOa) also are produced. The intermediate products 
of oxidation and nitration involved in the preparation of 
mercury fulminate are as follows: 

CU 3 .(OI 2 OH— »CH;<.CHO— >OTr 3 (XO) .CHC— >CH(:XOH).CHO— » 

Ethanol Acetaldehyde Mtrosoaee- Isouitrosoace- 

taldehyde taldehyde 

CH(:XOH).COOH— »C(XOo) (:XOII).COOH— »0 2 H.CH :XOH— * 
Isonitroso- Xitroisouilro- Formoui- 

acetic acid soacctic acid trolie acid 

C :X OH— *1 Tg(0 X G; t 

iulminic Mcrcurv 

■ 

add fulminate 

100 



The product, so obtained is not more than 99 percent pure. 
It can be purified so as to have a fulminate content of 99.75 
percent or more by dissolving the impure material in con- 
centrated ammonium hydroxide, filtering tlie solution, cool- 
ing the filtrate, and reprecipitating slowly, adding concen- 
trated nitric acid with rapid agitation, while keeping the 
temperature below 35° C. Conditions can be established 
so that the precipitated fulminate is of essentially the same 
granulation as the impure material. The precipitated pure 
fulminate is washed with dislilled water until free of acid. 
Tlie yield is 80 to 87 percent. 

(7) Mercury fulminate for military use consists of one grade. 
The requiremen Is applying are — 

Appearance: Crystals of sparkling appearance that 

arc while, gray, or light gray with a 
yellowish tint. 

Granulation: A maximum of 15 percent retained on 

a No. 100 and a maximum of 75 per- 
cent passing llirough a No. 200 sieve. 

Sand lest: 0.400 gram shall crush a minimum of 

44 grams of sand. 

Mercurv 

fulminate: Minimum, 98.0 percent. 

Aeiditv: None. 

a 

Insoluble 

matter: Maximum, 2.0 percent. 

Free mercury: Maximum, 1.0 percent. 

Chlorine: Maximum, 0.05 percent. 

The requirement, with respect to chlorine content, is due to 
the occasional use of a small quantity of cupric chloride, 
CuClj, for the purpose of improving the color of the product. 
The chloride is added to the solution of mercury in nitric 
acid. While this improves the color, it also decreases the 
purity of the product. The insoluble matter represents 
decomposition products, which are formed as the result of 
side reactions. 

(8) Mercury fulminate is more sensitive to impact than lead azide 
and lead styphnate. Being of the same sensitivity to impact 
as diazodinitropheno! and tetracene, these three compounds 
are the most sensitive initiating explosives used in military 
ammunition. Mercury fulminate is more sensitive to heat 
and friction than lead azide and lead styphnate and has a 
higher explosion temperature test value (210° C.) than 
diazodinilropbenol and tetracene. Comparative values for 


101 




the sensitivity of these last two compounds to friction are 
not available. The sensitivity of mercury fulminate to per- 
cussion is one of its most advantageous characteristics. 

(9) As measured by the sand test, the brisanc-c of mercury ful- 
minate is greater than that of lead azide, but only 50 [>crcent 
that of diazodinitrophenol. This relationship is in agree- 
ment with the relative order of the rates of detonation of the 
three compounds. 

(10) Mercury fulminate is a distinctly more powerful explosive 
than lead azide, as indicated by Trauzl lead block tests, and 
this is confirmed by the higher heat of explosion. 

(11) Although mercury fulminate is not as efficient ari initiator 
of detonation as lead azide and diazodinitrophenol, it is 
entirely satisfactory when used in conjunction with tetryl, 
KDX, or PETX, the most generally used booster explosives. 
During the half century it was almost the ordy initial 
detonating agent in practical use, its initiating efficiency 
was considered satisfactory. 

(12) The relatively poor stability of mercury fulminate has been 
its most disadvantageous characteristic and the main 
reason for efforts to replace this initiator with a superior- 
substitute. Tire usual stability tests are not applicable to 
mercury fulminale, due to explosion in a relatively short, 
time at temperatures above 85° C. When mercury ful- 
minate deteriorates, it is chiefly with the production of a 
nonexplosive solid rather than gaseous products of decom- 
position. It has been found that when its purity has been 
reduced to approximately 92 percent., the initiating efficiency 
of mercury fulminate is practically destroyed, although the 
material will explode when ignited. When purity has been 
reduced to 95 percent, the stability of mercury fulminate 
must be considered to be seriously impaired. Table XVII! 
gives a summary of the times of storage at various temper- 

Tahle XVI l L Deterioration nf Mercury Fulminate 
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atures required to cause deterioration to 92 and 95 percent 
purity. The importance of the purity of mercury fulminate, 
with respect, to iLs stability, can be recognized from the 
data in table XVIII and the fact that mercury fulminate 
of 99-75 percent purity has been found to require storage 
at 50° C. for 24 months to become deteriorated to 95 percent 
and 28 months to become deteriorated to 92 percent purity. 

(13) Mercury and its compounds are of recognized toxicity. 
The handling of mercury fulminate is not unduly hazardous 
from a toxicitv viewpoint, but should be done with minimum 
contact wiLh the skin. Its dust should not be inhaled and 
it. has been recommended that, in order to avoid undue 
toxicity, the air in loading plant buildings should contain 
not more than 0.1 milligram of mercury fulminate per cubic 

meter. 

c. Diazodinitrophenol {DON l*). 

(1) Diazodinitrophenol, 4,6-dinit robenzcne-2-diazo-l -oxide, drnoi, 
diazol or DDNP is a compound having the structure 

O — N 


0^ 
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which forms greenish yellow to brown tabular crystals (figs. 
31 and 34). It has a molecular weight of 210.108. It is 
used extensively in commercial blasting caps and has found 
some use in military priming compositions and detonators. 
DDNP was first prepared by Griess in 1858, but it was not. 
until 70 years laLer that it was developed commercially as 

an initial detonating agent. 

(2) DDNP has a cits cal density of 1.63 and in the loose foim 
has an apparent density of 0.5 to 0.9. When pressed at 
3,000 psi, it. has a density of about 1 .2. It is not desensitized 

when subjected to a pressure of 130,000 psi. 

(3) The solubility of DDNP in various liquids is shown by tabic 
XIX. It is soluble to some extent also m nitroglycerin, 
nitrobenzene, aniline, pyridine, and concentrated hydro- 
chloric acid. DDXP is non hygroscopic in an atmosphere 
of 90-percent relative humidity at 30° C. 
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Figure SI. hiauxhnitroylifHid HO x. 


(4) DDNP dews nol react with water at ordinary temporeturcs, 
but is desensitized by it. A 0.5-pcreent solution of sodium 
hydroxide decomposes DDNP, with the liberation of nitro- 
gen. Tt. is darkened rapidly bv exposure to sunlight, this 
(•(Feet probably representing oxidation at the surface. 

Table XIX. Solubility of Ihazodinilropheno! 


SoJoMllXj. eraros l»-r 10(1 
crams of aolvt*it at 



25' C 

nr C. 

Water 

0. 08 
0. 00 
0. G7 . 
0. SM 1 

<MM 1 

Beniene 

Methanol 

Ethanol. 

Ether 

Chloroform 

0. 23 

1. 25 

2. 13 

0. 11 

Ethylene chloride 

0 29 
1. 10 

Arctic acid 


Kt'hvl Acetate 


2. 15 

Acetone 

0.0 
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(5) The process used commercially for i ho manufacture of 
DDNP is not available, but it can be prepared by the 
diazotizution of pi cram ie acid by means of sodium nitrite, uud 
hydrochloric acid. The reactions involved are 


NaKOj+MCl — NoCl + HNO, 

0 — N 



RAPO 212833 

Picramie aei«l may be prepared by evaporating a mixture of 
an alcoholic solution of ammonium picrate and ammonium 
sulfide and purifying the product. Ten grams of picramie 
acid are suspended in 120 millililers of n 5-pereent aqueous 
solution of hydrochloric acid. The mixture is cooled with 
an ice bath and stirred rapidly A solution of 3.6 grams of 
sodium nitrite in 10 milliliters of water is added all at once 
and stirring is continued for 20 minutes. The dark brown 
granular material that separates is caught on a filler and 
washed with ice water until the washings give no test for 
hydrochloric acid or sodium chloride. If this material is 
dissolved in hot acetone and to the agitated solution there 
is added a large volume of ice water, the DDNP is precipi- 
tated as a bright yellow amorphous powder. Recrystal liza- 
tion from a solvent is used to produce the tabular crystals 
that comprise specification grade material. After manufac- 
ture, it is kept wet with water until used. 

(fi) But one grade of DDNP is used for military purposes. This 
complies with the following requirements: 

('olor: Greenish yellow to brown 

Bonn: Tabular crystals having a maximum length of 
0.2 mm. 

Granulation: 100 percent shall pass through a No. 100 
I S standard sieve. 

Bulk density: Minimum, 0.4 g/ml. 

Acidity: Maximum, 0.01 percent as hydrochloric acid. 

Sand lest: 0.40 gram shall crush not less than 33 grams 
of sand. 

(7) DDNP is as sensitive to impact as mercury fulminate and 
much less sensitive to friction. It has approximately the 
same sensitivity to friction as lead azide. The explosion 
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temperature test value of 180° C. for DDNP shows it to be 
much more easily ignited than even mercury fulminate. 
Water effectively desensitizes DDXP, as it is not detonated 
by a No. 8 blasting cap when wet with water. Although 
DDNP detonates when struck a sharp blow, it burns with a 
Hash, if ignited, when uueorifmcd and even in quantities of 
several grams. However, even slight confinement causes the 
transition of burning into detonation. If pressed into a 
blasting cap shell with a reinforcing cap. arid a piece of black 
powder safety fuse is crimped in the shell, a charge of DDXP 
undergoes detonation when ignited. It is said that a spark 
falling into the open end of such a blasting cap causes only 
ignition and flashing of the DDXP. 

(8) As indicated by sand test values, DDXP is twice as brisanfc 
as mercury fulminate and of the same order of brisance as 
TNT. It is to be noted that DDNP and TNT at a density 
of 1.58 have the same rate of detonation of 6,900 meters per 
second. Tesla with 1-gram samples in small Trauzl lead 
blocks have shown DDXP to be three times as powerful as 
mrrcurv fulminate. 

(9) By means of the sand test, it has been found that DDNP is 
a better initiator of detonation than mercury fulminate or 
lead azide for the less sensitive high explosives. The most 
marker! evidence of this is the ability of DDXP Lo initiate 
the detonation of explosive “D” and east TXT. For initia- 
tion of the more sensitive high explosives, DDNP is not 
superior to lead azide. Comparative values showing relative 
initiating efficiencies are given in table XX. 

Table XX. Efficiency of Initiating Compounds 



Minimum detonating charge, gram of 
initiator required Xo detonate— 

Tetryl TXT Esplorive 

Lead azide ... . 

0. 10 1 0. 26 

0. 19 0. 24 

0- 12 0. 15 

C) 

(“) 

0.28 

Mereurv fulminate . . 

Diazodimtroplienol . . 1 


•Not detonated. 


(10) DDXP is not as stable as lead azide, but is markedly su- 
penor to mercury fulminate in this respect, as indicated by 
100° C. vacuum stability and heat test results. Storage 
tesls have shown dry DDXP to withstand storage at 50° C. 
for at least. 30 months, as compared with 9 months for mer- 
cury fulminate. When stored under water, DDXP is of 
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unimpaired brisance for 24 months at ordinary temperature 
ami for 12 months at 50° C. The stability of DDNP, 
therefore, is considered satisfactory for commercial and mili- 
tary use, and DDNP as well as lead azide lias replaced mer- 
cury fulminate in blasting caps to a large extent, It is used 
to some extent in loading fuze detonators and the manufac- 
ture of priming compositions for military use. 
d. Lead styphnate. 

(1) Lead styphnatc or lead 2,4,0-triiiilroiesorcinate is a com- 
pound having a molecular weight of 450.30 and the 
structure — 
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It forms light orange or reddish-brown rhombic crystals con- 
taining a molecule of water of crystallization. First de- 
scribed in 1914 by von Iierz, it is a relatively poor initiator 
of detonation but has found use as a cover charge for lead 
azide and as an ingredient of priming compositions. 

(2) The crystal density of lead slyphnate is 3.02, but the ap- 
parent density of the uncompressed material is only 1.4 to 
1 . 6 . 

(3) Lead styphnatc is soluble in cold water lo the extent of only 
0.04 percent and has a hygroscopieity value of only 0.05 
percent when exposed to an atmosphere of 100 percent rela- 
tive humidity at 25° CL It is less soluble in acetone and 
ethanol and is insoluble in ether, chloroform, carbon tetra- 
chloride, carbon bisulfide, benzene, toluene, concentrated 
hydrochloric acid, and glacial acetic acid. It is somewhat 
soluble in a 10 percent aqueous solution of ammonium 

acetate. 

(4) Lead styphnate is decomposed by concentrated nitric or sul- 
furic acid. When dissolved in ammonium acetate solution, 
it reacts with potassium dichromate to form potassium 
styphnate and insoluble lead chromate. 

(5) Lead styphnate can be prepared by the reaction of lead 
nitrate or acetate with cither sodium or magnesium styph- 
n ate in the presence of an acid. In commercial production, 
the magnesium salt is used. This is prepared by the reac- 
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tion of magnesium oxide and styphnic acid (2,4,6-trinitro- 
resoreinol). In one procedure, a boiling solution of lead 
nitrate is added to a boiling solution of sodium styplinato 
acidified with acetic acid. In another procedure, solutions 
of magnesium styphnate and lead acetate are caused to 
react, at 70° C. to form a precipitate of basic lead styphnate, 
which is converted into the normal salt by the addition of 
dilute nitiie acid. The insoluble product is filtered off and 
washed with water until free of acid. Like other initial 
detonating compounds, lead styphnate is kept in a wet con- 
dition until used. Photomicrographs of lead styphnate are 
shown in figures 32 and 34. 



Figure. 32. Lead styphnate Crystals. ',25 t. 
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(6) One grade of lead styphnate is used for military purposes. 
This must comply with the following major requirements: 
iorm: Cubic crystals not longer than 0.5 mm and free 

of needle-shaped cry si als or crystal aggregates. 
Purity: Minimum, 98.5 percent of 

PbOaC^H (X O* ) 3 .H a O. 

Lead content: Maximum, 44.5 percent. 

Apparent density: 1.5 ±0.1 grams per milliliter. 
pH of a 1 percent solution: 5.0 to 7.0. 

Ammonium acetate insoluble matter: Maximum, 0.3 

percent. 

Ether-soluble mailer: Maximum: 0.1 percenl. 





Granulation: Not less than 99.5 percent through a No. 

100 sieve. 

Brisance: Minimum, 50 percent of that of TNT, as de- 
termined by the sand test. 

(7) Lead styphnate is slightly less sensitive to impact than mer- 
cury fulminate or diazodinitrophenol, but is more sensitive 
than lead azide. It is less sensitive to friction than mercury 
fulminate or lead azide. It has an explosion temperature 
test value (282° C.) less than that for lead azide but much 
greater than those for mercury fulminate and diazodinitro- 
phenol. Although it detonates with a loud noise when 
brought, into contact with a flame, lead styphnate apparently 
detonates at less than its maximum rate when ignited. The 
calculated activation energy for the decomposition of lead 
styphnate is 01.5 kilogram-calories per gram molecule as 
compared with a value of 25.2 kilogram-calories for mercury 
fulminate. It is much more easily ignited by an electrical 
spark than is mercury fulminate, lead azide, or diazodinitro- 
phenol. 

(8) When subjected to the sand test, with ignition by a black 
powder fuse, the brisance of lead styphnate (10.5 grams) is 
much less than that of lead azide (16.7 grams). However, 
when initiated with a small charge of mercury fulminate or 
lead azide, its brisance (24.0 grams) is greater than that of 
lead azide or mercury fulminate (22.1 grams). When initi- 
aled with blasting cups, lead styphnate pressed to a density 
of 2.9 has a rate of detonation of 5,200 meters per second, 
which is greater than the rate of detonation of either lead 
azide or mercury f ulm inate at the same density. I'rauzl 
lead block tests' with large and small blocks, show lead 
styphnate to be more powerful than lead azide and probably 

equal to mercury fulminate. 

(9) In spite of its favorable rate of detonation and power charac- 
teristics, lead styphnate is a relatively poor initiator of 
detonation. While it detonates straight 40 percent dyna- 
mite and sometimes detonates gelatin dynamite, it is in- 
capable of initiating the detonation of any of the military 
high explosives except PETX. It initiates only unpressed 
PETN. and the minimum detonating charge is 0.55 gram 
as compared with 0.30 gram of mercury fulminate or 0.04 
gram of lead azide. However, the ease of ignition of lead 
styphnate renders it suitable for use as an igniting charge 
for lead azide and as an ingredient, of priming compositions. 
It lias been used extensively abroad for the first purpose and 
to some extent in the United Slates for the second. 




(10) I^ead styphnate is of a high order of stability as indicated 
by vacuum stability tests at 100° and 120° C. The loss of 
1.5 percent in the 100° C. heat test may hi! attributable to 
the removal of water of crystallization, which is present to 
the extent of 3.84 percent. Storage at. 80° C. caused no 
change in its 120° C. vacuum stability test value, allhough 
the explosion temperature and sand test values were in- 
creased slightly. These changes also may be attributable 
to loss of water of crystallization. The stability of lead 
styphnate may be considered to approach that of lead azide 
and be better than that of mercury fulminate or di&zodi- 
n it rnphenol. 
e. Tetracene. 

(1) Tetracene, 4-guany 1- 1 - (nit rosoaminoguanyl)- 1 -tetrazene, is a 
compound having the structure 

HN XH 

% / 

C- XH- X H— X— X— (3 

/ \ 

H,N XTT.X1I.NO 

which is prepared as crystals forming a colorless or pale 
vellow, fluffy material, it has a molecular weight of 188.1(5. 
It was first prepared in 1910 by Hoffman and Roth and has 
been used as an ingredient of priming compositions. 

(2) As prepared, tetracene has an apparent density of only 0.45, 
and wh en subjected to a pressure of 3,000 psi the density 
is increased to 1.05. 

(3) Tetracene is practically insoluble in water, but is hydroscopic 
to the extent of 0.8 percent when exposed to an atmosphere 
of 95 percent relative humidity at 30° C. It can be stored 
wet with water or a mixture of water and ethanol, it is 
insoluble in ethanol, ether, benzene, and carbon tetra- 
chloride. Tt is soluble in strong hydrochloric acid, and from 
this solution, it is precipitated as the hydrochloride by the 
addition of ether. This, on treatment with sodium acetate 
or ammonium hydroxide, yields tetracene. 

k- — 

(4) Boiling water decomposes tetracene, with tin; liberation of 
2 molecules of nitrogen per molecule of tetracene. On 
hydrolysis with sodium livdroxide, it yields ammonia, 
cyanamide, and trinzonitrosoaminoguanidine, N 5 C(:XH) 
.NH.NH.NO. Tetracene reacts with an excess of silver 
nitrate to form the double salt C 2 HjX TU OAg. AgX0 3 .3H 2 0 
and forms explosive salts, such as the perchlorate. 

(5) Tetracene is prepared by the reaction of aminoguanidine and 
nitrous acid. 

U;X. c U N U ) -NUI .XTlin +11 o x.c <:XH>..\ n.xu ii+iio no — -» 

3 IIsO-|-H*X.Ci:NU>.XH.N , ll.X:N.L’(:Xii}.XH.NH.XO 
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Tn practice, this is brought about by the reaction of 1- 
aminoguan idine hydrogen carbonate or sulfate with sodium 
nitrite in the presence of acetic acid. If a mineral acid is 
used, guanyl azide, N 3 .C(:NH).NH 2 , is formed; and if the 
acetic acid is in excess, there is formed 1,3 ditctrazolyltri- 
azine. 



RA PD 212335 

Tetracene may be prepared as follows: 34 grams of amino- 
guanidine carbonate is dissolved, with warming, in a mixture 
of 2,500 milliliters of water and 15.7 grams of glacial acetic 
acid. After the solution has been filtered and cooled to 30° 
C., there is added 27.6 grams of solid sodium nitrite, which is 
dissolved by stirring. After standing for 3 or 4 hours, the 
solution is shaken to start precipitation and the mixture is 
allowed to stand for about 20 hours longer. The precipitate 
of tetracene is separated and washed with water until free 
of acid. 

(6) No standard grade of tetracene for military use has been 
established. Photomicrographs of the material prepared as 
described above are shown by figures 33 and 34. 



Figure 33. Tetracene crystals, Mo x. 
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MERCURY FULMINATE. 
100X 


LEAD AZIDE. 10X 


DIAZODINITROPHENOL, 

25X 


LEAD STYPHNATE 
IOOX 


RA PD 167334 


Figure 34 In dial detonat* ng agents 


(7) Tctmconc is iis sensitive t«> impact as mercury fulminate and 
diazodinitrophenol and has a lower explosion temperature 
test value (154° C.) than any of the other initiating com- 
pounds considered herein. It is this ease of ignition and 
its relatively high heat of explosion and gas volume that 
render it useful in priming compositions and. along with 


with a llame. tetracene undergoes mild explosion with the 
production of much black smoke. Its sensitivity is such 
that it is extremely subject to “dead-pressing." In the 
sand test the loose material crushes 13.1 grams of sand, but 
when loaded under .« pressure of 3,000 psi, it crushes only 
2.0 grams of sand. However, tetracene pressed at 3.000 
psi crushes 21.1 grams of sand when initiated with mercury 
fulminate. This maximum hrisanee is equal to that of 
mercury fulminate and is reflected by its relatively high 
Trauzl lead block test value (157 milliliters) as well as its 
high heat of explosion. 

(Si I norcssed tetracene, when ignited by a flame, can cause the 
detonation of loose or pressed PF.TN. but pressed tetracene 
does not detonate PETN. While unpriced tetracene can 
cause low-order detonation of tetryl, it has no such effect on 
TNT. even when primed with mercury fulminate. Tetracene 
therefore dors not have sufficient initiating efficiency to 
permit its use as such with military high explosive. 

(9) T raccne i> relatively 'table at temperatures not greater 
than 75° C. However, in the 100° C. heat test, it undergoes 
extreme decomposition in the first 4S hours of the test. 
Sufficient data are not available to permit a definite evalua- 
tion of the stability of tetracene, but its reactivity with 
boiling water and slightly high 75° C. international test 
value (0.5 percent) indicate an order of stubdity approxi- 
mating that of mercury fulminate. 

42. Priming Compositions 

a The ideal priming composition would consist of a single chemical 
compound of uniform particle size that would undergo very rapid 
aiitocombustion. but not detonation when subjected to friction or 
impact, bead dinit rorcsoreinaie lias been found to have these 
characteristics, but its sensitivity is less than that desirable and the 
compound has not been standardized. The next most desirable type 
of composition would be a mixture of noncx plosive compounds that 
sensitize each other to ignition and rapid burning. Such composi- 
tions have been developed and used. Most military pruning compo- 
sitions consist of mixtures of one or more initial detonating agents 
with oxidizing agents, fuels, sensit izers, and binding agents. 

/*. The oxidizing agents used in priming compositions are potassium 
chlorate and barium nitrate; while the fuels arc lead thiocy anal e, 
carbon black, antimony sulfide, and calcium sihcide. The last two 
servo also to sensitize the composition to friction or percussion. 
Carborundum and ground glass also are used as sensitizers. 1 he 
explosive ingredients generally are the sensitive initiating compounds, 
lead azide, mercury fulminate, lead slyphnatc, and diazodinitrophenol; 
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but TNT and PETN also are used in compositions containing no 
initial detonating compound. Shellac, gum arnbic, and gum trago- 
canth arc the chief binding agents used and serve also as fuels. Bind- 
ing agents permit the use of priming compositions in the form of caked 
masses, instead of the powdery physical mixtures formed from the 
chief ingredients of the compositions. 

e. Individual charges of priming composition are very small, being 
of the order of 0.05 to 0.2 gram. Because of this and the sensitivity 
of the compositions to friction, they are manufactured in small lots 
of about 5 pounds or less. If the composition is to be used in a dry 
condition, the ingredients are placed on a triangular sheet of rubber 
having a cord attached to each corner and located behind a barricade. 
Byraising the comers alternately, the ingredients are mixed thoroughly. 
A final lifting operation discharges the mixture through a screen 
into a rubber container. If the composition is to be wet, with a 
binding agent, the ingredients are mixed in a small barricaded dough- 
mixer. The pasty product so obtained is used in loading operations 
and volatile solvent present is removed by evaporation after being 
loaded in primers. 

d. The sensitivity of priming compositions varies widely, and 
careful control of the granulations of the ingredients of each composi- 
tion is necessary. Nonuniformity of composition, due to mechanical 
segregation of the ingredients, can cause great variations in sensitivity 
and consequent failure to function. This is particularly apt to occur 
if one of the ingredients, such as lead azide and mercury fulminate, 
is of much greater density than the other ingredients. A binding 
agent prevents such segregation. The sensitivity of priming comjjosi- 
tions is not determined so as to be comparable with that of other 
explosives. In practice, the composition is loaded in primer cups, 
which arc placed in a test apparatus equipped with a firing pin. A 
steel ball is allowed to fall from a predetermined height and strike the 
firing pin. This may cause explosion of the composition by percussion 
or impact-, depending upon the type of primer used. By repeated 
trials, there are determined the maximum height of fall causing no 
explosion and the minimum height of fall required for explosion in 
all of a prescribed number of tests. By such a test procedure, the 
range of sensitivity of a composition is determined. This is of 
particular importance in a material that is to be caused to function 
by a mechanical method. 

e. The rate of burning of a priming composition and the volume of 
gases and weight of solid particles produced determine the effective- 
ness of the composition as an ignition agent. The hursts of flame 
from primers loaded with various compositions have l>ecii found to 
have effective durations from 400 to 750 microseconds and total 
durations from 650 to 1,500 microseconds. The volume of gas 
produced has been found to be of the order of 25 milliliters per gram 



of composition, at standard temperature and pressure. The pro- 
portion of the weight of the composition converted into incandescent 
solid particles varies considerably, but may be as much as 70 percent. 

f. Priming com[>osi lions used in military ammunition aie of good 
stability, except for those containing mercury fulminate. Those 
containing fulminate undergo deterioration and desensitization if 
stored at slightly elevated temperatures. Storage at 30° to 35° C. 
(85° to 95° F.) for 5 years seriously impairs the functioning of such 
compositions. The other compositions, containing nonexplosive 
materials onlv or lead azide, lead styphnate, TNT, or PETN are of a 
high order of stability. 100° C. vacuum stability Lest values reflect 
this difference in stability, fulminate compositions liberating about 
10 milliliters and the other compositions about 0.3 milliliter of gas 

per gram of composition. 

« The simplest priming composition, one containing no explosive 
ingredient, is a mixture containing 55 percent potassium chlorate and 
45 percent lead thiocyanate. Potassium chlorate, which readily 
undergoes decomposition with the liberation of ox\gen 

KCIO:, > KC1 + 40 2 


is nonexplosive as shown by impact, pendulum friction, and sand 
tesLs. Load thiocyanate, the fuel in the composition, has a marked 
sensitizing effect on the chlorate; and the mixture has an explosion 

temperature test value of only 240° C. . 

h. The simple mixture of chlorate and thiocyanate is not suitable 

for wide application, because of its relative insensitivity. A group of 

compositions that may be considered as derived from the chlorate- 

thiocyanate composition by the inclusion of explosive ingredients is 

shown bv table NXI. 

■ 

Table XXI. Cklorale-Thioeyanate Composition* Containing Explosive Ingredient# 


Patassium chlorate 
Lead thiocvanalc.- 
Antiraoiiv sulfide ._ 


! i 1 

H 1 

III 

■ 

1 

IV j 

V 

i 

i Percent ! 

Percent 

Percent 

Percent 

Percent 

1 53 

37.05 

53 

53 

3n 

25 ! 

38. IS 

25 

25 

17 

1 t 

| 17 

__ _ — a- «■ 

12 

17 

30 

• 

8. 08 


t 

— 



Ground gla.-s _ ! — --j 

ri.l , "1 ■ ; dri i 

10. 15 ! 
| 



15 

3 

Lalcium tiUicioc 

TNT ; 5 

PTTTY 

5. 09 

i 1 

10 

— 

Lead azide — 

1 5 

100 

100. 00 

100 

100 

100 
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Photomicrographs of samples of these compositions are shown in 
figure 35. The first and third of these arc loaded with the addition of 
a binding agent. The binder for the first composition is a mixture of 
gum tragaeanth, gum urahie, glue, and thymol, in which the thymol 
serves as an antibacterial agent. A similar binding agent is used 
with the third composition. 

i. A printer mixture used in detonators has the composition 

Potassium chlorate 33. 4 

Antimony sulfide . .33-3 

Lead azide . . 28 3 

Carborundum . 5-0 


100 0 

and a photomicrograph of this is shown in figure 35. In this composi- 
tion, the antimony sulfide arts as both a fuel and sensitizing agent and 
the carborundum is also a sensitizing agent. 

. 7 . Priming compositions containing mercury fulminate us an ex- 
plosive ingredient were the first such compositions developed, but 
now are used to only a limited extent, because of their relatively poor 
stability. Representative compositions of this class are shown in 
table XXI I. 

Tabic XXII. priming Compfunlionn Containing Mercury Fulminate 


Potfwium chlorate- 
Antimony sulfide. 
Mercury fulminate 
Ground alas*. 
Shellac... ... 


i it m 

Pncml Prreent Pnuvl 

40 35 14 

23 30 21 

32 35 28 

35 

I 2 

100 too 100 


Photomicrographs of the first two of these are shown in figure 35. 
The first of the above compositions usually is loaded when dry bill 
can be loaded when wet with ethanol. The second composition is 
used in a dry condition. The third composition is prepared with the 
shellac dissolved in ethanol and the composition is wet loaded. 

k. Priming compositions us.*d in electric primers and electric squibs 
contain lead styphnatc and diazodinilrophenol, respectively, as the 
explosive ingredients. These compositions are show n in table XX11I. 

/. In certain items of ammunition, such as pyrotechnic assemblies, 
priman ignition is brought about by frictional devices, in which a wire 
or rod is pulled tlirough a perforated pellet of a priming composition. 


116 



M13 PRIMING 
COMPOSITION, 250X 


M-4 PRIMING 
COMPOSITION. 100X 


M26 PRIMING 
COMPOSITION, 100X 


M42 PRIMING 
COMPOSITION, 2S0X 


NO 74A PRIMING 
COMPOSITION, 150X 


NO 70 PRIMING 
COMPOSITION, 100X 


MK V PRIMING 
COMPOSITION. 100X 

RA PD 167385 


NO 90A PRIMING 
COMPOSITION, I00X 


Figure 35. Priming composition*. 




Table XXII l. Electric Primer and Squib Priming 

Compositions 



Percent 

Percent 

Barium nitrate..- 

44. 4 


Potassium chlorate 

60 

bead stvphnato 

3!). 5 

Diazodinilrophenol 

20 

Nitrostarch 


5 

Calcium silicidc _ 

14. 1 


Carbon black _ _ _ . 

1 . () ! 


Charcoal . . 

15 

Gum arabic _ _ _ _ 

1 . 0 



100. 0 

100 


In some cases, the braided wire is coated with a mixture of red phos- 
phorus and shellac and the composition of the pellet is: 

I’tTcmt. 


Potassium chlorate 

Charcoal . K) 

Dextri n _ 2 


100 

In other cases the wire or rod is merely roughened and the pellet com- 


position is: 

I'eriFttl 

Potassium chlorate __ 5 ( 5.2 

Antimony sulfide _ 21. C 

Sulfur . . . 0. 0 

Ground glass , 10. 2 


100.0 

43. Noninitiating High Explosives 

a. Noninitiating high explosives comprise explosives that require 
initiation to detonation by another explosive and are used as booster 
and bursting charges and for blasting and demolition purposes. They 
may be divided into the following types: 

(1) Single-compound explosives. 

(2) Binary explosives. 

(3) Plastic explosives. 

(4) Dynamites. 

b. Single-compound high explosives include inorganic and organic 
compounds, with ammonium nitrate as the only important inorganic 
high explosive. The organic high explosive compounds arc of the 
aliphatic, aromatic, and heterocyclic series and include nitrates, nitro- 
compounds, and nilramines. The aliphatic nitrates, such as nitro- 
glycerin and nitrocellulose, were the first important high explosives 



and reflected the commercial availability of natural products such as 
glycerin, cellulose, and sugars. The development of the coal-tar 
industry resulted in the development of aromatic nitrocompounds, 
such as TNT and picric acid , as major military explosives. The rather 
recent, development of bulk synthetic chemicals, such as ammonia, 
formaldehyde, acetaldehyde, and guanidine, has made practicable the 
development of the nitramine explosives RDX, haleite, and nilro- 
guanidine as well as the nitrate PETX. It is probable that important, 
future developments will he based on the nitration of glycols or poly- 
hydroxy-compounds of synthetic origin. There are hundreds of 
known explosive compounds, but only a few of these can be used as 
military explosives, because of existing requirements with respect to 
sensitivity, brisanc.e, stability, volatility, hygroscopieity, reactivity, 

cost, availability, etc. 

c. Of the dozen standard noninitiating high explosives used for 
military purposes, only TNT melts at a temperature below 100 C. 
and can be melt-loaded with the use of low-pressure steam kettles. 
As melt -loading offers great advantages over press-loading, there have 
been developed binary explosives that- consist of mixtures ol TNT 
with another explosive, with a second explosive and a nonexplosive 
material such os aluminum, or aluminum alone. This has made avail- 
able military explosives that are superior to TNT with respect to 
fragmentation and blasl effect. 

d. The distinct limitations, with respect to the proportions of other 
explosives that can be mixed with TNT and melt-loaded, the require- 
ment for very brisant explosives that can be press-loaded without 
undue hazard, and the requirement for demolition explosive's that can 
be moulded by hand have led to the development of two types of 
plastic explosives. One of these consists essentially of a very brisant 
explosive, desensitized with a wax, and suitable for press-loading in 
projectiles of small calibers. The second consists of a highly brisant 
explosive, such as RDX, and a binding agent that forms a putty Tike 
mass. 

e. Military operations sometimes involve blasting operations com- 
parable with those involved in road-building, quarrying, removal of 
structures, etc. Blasting explosives similar to or identical with 
commercial dynamites are used for such operations. 

/. The individual military explosives included in the four types ( a 

above) are described herein. 

44. Ammonium Nitrate 

a. Ammonium nitrate, NH 4 X<) 3 , has a molecular weight of 80.048 
and forms colorless rhombic crystals at ordinary temperatures (figs. 
36 and 37). First prepared by Glauber in 1659, it was first used as 
an explosive in 1867, when Ohlsson and Non-bin used it as an ingre- 
dient of what was essentially a dynamite. Although ammonium 
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nitrate ran be made to detonate under conditions of great confinement . 
it is so insensitive tlmt it cannot he used alone as an explosive. Ii 
therefore has found use as an ingredient of binary explosives, dyna- 
mites. and cratering explosives. 

A. Melting at 100.6° ('.. liquid ammonium nitrate forms cubic crys- 
tals on solidification. When cooled to 125.2° <\. these undergo transi- 
tion to tile tetragonal system, and further cooling to 84.2° C., causes 
the crystals to become a-ortl»orhoml»ic. At 32.3° (\. there is transi- 
tion to the ^-orthorhombic form. This form persists to — 1H° C\. 
where the crystals become pseudohexagonnl. Ammonium nitrate has 
no I *oiling point at atmospheric pressure, the compound decomposing 
when heated to 210° C. 

r. Ammonium nitrate is extremely hygroscopic and is soluble to the 
extent of 1 18.3 and 871 grams per 100 grams of water at 0° and 100° 
( .. reaper lively. It is soluble in ethanol and methanol to the extent 
of 3.8 and 17.1 grams, respectively, per 100 grams of solvent at 20° C. 

<1. The crystal density of ammonium nitrate is 1 .725 at 23° C\ Its 
apparent density varies widely with granulation and the purpose for 
wlnrh it is intended. That used for the manufacture of amatol has 
an apparent density of 1.06 or more. 

e. The scratch hardness of ammonium nitrate crystals is slightly less 
thun that of TXT and considerably greater than that of tetryl. * 
j. Ammonium nitrate has specific heat values of 0.397 and 0.428 
calorie per gram per degree ( ’em igrade at 0° ami 100° C\. respectively. 
Its heat of fusion is 18.23 calories per gram. The heat of formation of 
ammonium nitrate is 1098.40 calories per gram or 87.93 kilogram- 
calories per mole at constant pressure. When detonated, ammonium 
nitrate has a heal of explosion value of 340.3 calories per gram or 
2/. 72 kilogram-calories per mole, and it liberates gaseous product* to 
the extent of 980 milliliters per gram or 78.44 liters per mole, measured 
at standard temperature and pressure. 

p. Manufactured by the neutralization of an aqueous solution of 
ammonia with nitric arid and evaporation of the solution, modern 
ammonium nitrate is a very pure product, since the ammonia is 
manufactured by the fixation of atmospheric nitrogen and the nitric 
arid is obtained by the catalytic oxidation of such ammonia. The 
filial^ drying of the ammonium nitrate is accomplished in a graining 

A. Ammonium nitrate is decomposed by strong alkalies with the 
liberation of ammonia and by sulfuric acid with the formation of 
ammonium sulfate and nitric acid. In the presence of moisture, 
ammonium nitrate reacts with copper to form tetraminocuprie nitrate. 
Cu (NO*),. 4 Nil,, "hhh is of the same order of sensitivity to impact 
and brisanee as lead azide. For this reason, tools of brass or bronze 
are not used in operations with explosives containing ammonium 
nitrate. It also corrodes irou. steel, brass, lead, ami cadmium. 
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When ammonium nitrate reacts with iron in the presence of moisture, 
ammonia is liberated. It has little if any effect on coaling* of acid- 
proof black paint, shellac, baked oil, or XTtC Compound. 

i. Ammon tun nitrate decomposes, when detonated, according to 

i he reaction 

NH*N(V>N a +2 H : 0 -12 <V! >7.72 kg cal 

but when heated under various conditions the most important modes 
of decomposition are 

XII.NO- -A\<>-! 211,0+10.7 kg cal 
4NH,XOs-»2 XO- — 8 H 2 0+3 N 2 I 90.0 kg cal 
4NH J XO*-3 X 0.4-5 H..O+X 2 ) 2 Xll»- XO -84.88 kg cal 

| 2M 8 H a 04-4N J + 195.76 kg cal 

In the last example, the decomposition is endothermic; and if the 
products of decomposition arc heated, these react exothermically 
with explosive effect. 

j. The grade of ammonium nitrate used in the manufacture of 
bjnarv explosives is required to be at least 99 percent pure, contain 
not more thin 0.15 percent of moisture, and have maximum ether- 
soluble. water-insoluble acidity, sulfate, and chloride contents of 
0.10. 0.18, 0 1)2. 0.05. and 0.50 percent, respectively. It must contain 
no nitrite ot free alkali. The granulation of ammonium nitrate is 
controlled, that amatol of satisfactory fluidity when liquid and 
density when cast can be manufactured from it. Crystalline am- 
monium nitcate is shown in figures 30 and 37. 



figure US. Ammonium nitrate crystal*. 1 s. 


I-. Ammonium nitrate is the least sensitive to impact of any of the 
mffitarv explosives, having an impact lest value of 31 inches JJs com- 
pared with 17 inches for explosive l *L>" and 14 inches for IN I . At 
temperaturs from 75° to 150° C., it* impact tost value is 27 ot 28 
inches, but the value for the molten material is only 12 inches. hen 
subjected to the explosion temperature test, ammonium nitrate does 
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Figure S7. Ammonium nitrate crystal *, So T. 

not explode, and it is unaffected in the pendulum friction test with a 
steel shoe. It is not exploded in the rille bullet imparl test. Tn the 
sand test, only partial explosion of ammonium nitrate results even if 
boost ered with a charge of telryl or RDX. It has been found prac- 
ticable to detonate larger charges, when properly confined, by means 
of a booster charge of tetryl but not by means of a lead azide or 
mercury fulminate blasting eap. The sensitivity of ammonium ni- 
trate to initiation decreases with increase in loading density. If the 
density exceeds 0.9, charges of 1 to 3 pounds cannot be detonated 
completely by large booster charges, and larger quantities cannot be 
detonated completely at densities greater than 1.1. The admixture 
of up to K percent of nonexplosive carbonaceous material somewhat 
sensitizes ammonium nitrate to initiation. Certain very insensitive 
blasting explosives consist- of ammonium nitrate, dinit rotoluene, and 
paraflin. It has been round that ammonium nitrate can be caused 
to detonate by heat alone, but the confinement must he such ilmt a 
pressure of 2,500 psi or more can he developed prior to explosion. 

1. Because of its insensitivity, the rate of detonation of ammonium 
nitrate is affected by its particle size, apparent density, degree of 
confinement, and the efficiency of the booster charge. Increase in 
rate is brought about by decrease in particle size, decrease in appar- 
ent density, and increase in confinement. Increase in the temperature 
of the charge from 15° to 140° C. has been found to result in an increase 
of 400 meters per second in the rate of detonation. Molten amino- 
mum nitrate, because of its greater sensitivity, can be detonated 
with practically no confinement. Observed rates of detonation of 
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ammonium n trato under various conditions are from 1,100 to 2.700 
meters per second. 

m Both Trauzl lend block and lead cylinder compression tests 
indicate ammonium nitrate to be 55 percent as powerful as TNT, 
although their heal of explosion values would indicate ammonium 
nitrate to be only 37 percent as powerful. Because of its low rate 
of dctonatioi . the brisanc© of ammonium nitrate us relatively low. 
Fragmentation tests in small shell of ammonium nitrate and -> 
loaded with a density of 1.0 showed the nitrate to produce only 24 

percent as many fragments us the TNT. 

n. Ammonium nitrate is a very stable material even at 150 U, 
a* indicated by the vacuum stability test at that temperature. It 
can be heated at 100° C. for 100 days without appreciable decomposi- 
tion. Decomposition doc* not appear to begin until the compound 
melts At 220° C., there are formed nitrous oxide, water, and 
nitrogen; and this method is used for the manufacture of nitrous 
oxide. If an organic material such as cellulose is present, decompo- 
sition or the mixture begins at 100° (\ and is pronounced at 120° C. 
Admixture with TNT has little if any effect on the stability of ammo- 
nium nitrate at temperatures less than 120° C. 

o. Ammonium nitrate is not- toxic. It is a lire hazard, since it is 
a powerful oxidizing agent and will increase the intensity of com- 
bustion of any flammable material mixed with or adjacent to it. 

45. Nitroglycerin 

a. Nitroglycerin, glyceryl trinitrate, or NO us a colorless liquid, 
which has the struct ure 
K CIl.NO. 

CHNO, 

C Il'NOj 

I and a molec ilar weight of 227.09. First prepared by Sob. no in 18-1(1 
or 1817, it was first used as an explosive by Nobel in 1M>4. U is 
used extensively in propellent conijiosiUoiw as well as in dynamites 
an«l for the shooting of oil wells. 

6 Pure nitroglycerin freezes to form dipyramidn! rhombic crystals, 
Which represent U stable form melting at 13.2° C. Under some condi- 
tions there are formed triclinic crystals, which represent a labile form 
molting at 1 2° C. The labile form gradually changes into the stable 
form after a week or two. Nitroglycerin at 145° C. d.s-omposes with 
the ebullition of gaseous products of decomposition, so that it app< ai - 
to boil; but it undergoes true boiling at 12o u and 180 under 
pressures c»r 2 and 50 nun of mercury, respec lively. ?? 

c. Nitroglycerin has a specific gravity value of 1.50b and a 

I refractive index value of 1,1732* It has viscosity values of 0.30, 
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0.21, 0.094, and 0.068 poise at 20°, 30°, 50°, and 60° O., respectively. 
With vapor pressure values of 0.0015, 0.0075, and 0.06 mm of mer- 
cury at 20°, 40° and 60° C., respectively, nitroglycerin is volatile to 
the extent of 0.1 1 milligram per square centimeter per hour at 60° C. 

d. The heat of explosion of nitroglycerin at constant pressure is 
1 ,603 calorics per gram or 368.4 kilogram-calories per mole. Its heat 
of detonation is 1,480 calories per gram or 337.4 kilogram-calories 
per mole and the gaseous products are 715 milliters per gram of 163.5 
liters per mole. 

e. Nitroglycerin is soluble in water to the extent of only 0.173, 
0.191, 0.228, and 0.246 gram at. 20°, 30°, 50° and 60° C., respectively. 
It is essentially nonhygroscopic when exposed to atmospheric humid- 
ity. Ethanol dissolves 37.5 and 54 grams of nitroglycerin per 100 
grams of solvent at 0° and 20° C., respectively. Hot ethanol and 
nitroglycerin are miscible in all proportions. Nitroglycerin is miscible 
in all propor tions with ether, acetone, glacial acetic acid, ethyl acetate, 
benzene, toluene, phenol, nitrobenzene, chloroform, ethylene chloride, 
and nitric esters, such as glycol dinitrate. Nitroglycerin has some 
solvent action on aromatic nitrocompounds, such as TNT and dini- 
Irololucnc, and it is a gelatinizing agent for nitrocellulose. 

/. Concentrated sulfuric acid decomposes nitroglycerin, with the 
formation of nitric acid. In the presence of metallic mercury, nitric 
oxide is formed quantitatively, and this reaction is the basis for 
determination of the purity of nitroglycerin by the nitrometer 
method. The reaction between nitroglycerin and aqueous sodium 
hydroxide is slow* because of their immiscibility, but if ethanol is added, 
the reaction is rapid. The products are sodium nitrate, nitrite, 
formate, and acetate, with resinous material, oxalic acid, and ammonia 
being produced as by-products. Nitroglycerin is hydrolysed to a 
very slight extent by water, this being sufficient to produce less than 
0.002 percent of acidity in 10 days at 22° C. or 0.005 percent of 
acidit.v in 5 days at 60° C. An aqueous solution of sodium sulfide 
decomposes nitroglycerin with the liberation of much heat, and this 
reaction can be used for the destruction of waste material. 

g. Nitroglycerin is manufactured by the nitration of glycerin with 
a mixed acid containing about 40 percent nitric acid, 50.5 percent 
sulfuric acid, and 0.5 percent water. One part by weight of glycerin 
is added to about 4.3 parts of well-agitated mixed acid, the tempera- 
ture of which is kept at 25° C. or less. When addition is complete, 
agitation and cooling are continued until the temperature is about 15° 
C. When the emulsion is allowed to stand in a separating tank, the 
nitroglycerin forms a supernatant layer containing about S percent 
nitric and 2 percent sulfuric acids. This is separated and agitated 
with water at a temperature as high as 43° C. After settling out, 
the nitroglycerin is washed further with water, once with a 2 percent 
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solution of sodium carbonate and further with water, until the wash 
waters are free or alkali and the nitroglycerin is neutral to litmus. 
The product has a milky appearance because of its moisture content, 
but on storage in a heated building, the material becomes clear and 
the moisture content decreases to 0.4 percent, or less. The yield of 
nitroglycerin! is 230 ± 5 parts by weight per 100 parts of glycerin. 
In Europe the nitration and purification are carried out by the Schmid 
and Biazzi continuous processes, which also use glycerin and a mixed 

acid. . „ 

k. There is but one grade of nitroglycerin for military use. I his 

must comply with the following requirements: 

Moisture content: Maximum, 0.75 percent. 

Acidity or alkalinity: Maximum, 0.002 percent. 

Nitrogen content: Minimum, 18.40 percent. 

82.2° C, K1 Test: Minimum, 10 minutes. 

The KI Test does not measure stability, but indicates the presence or 

absence of trace impurities not found in highly purified nitroglycerin. 

i. As measured by the Pica tinny impact test, nitroglycerin is more 
sensitive to impact than mercury fulminate, and its great sensitivity 
to impact is generally recognized. It is sensitive to friction, as shown 
by the pendulum friction test. Increase in tempers ture increases 
sensitivity 7 no impact markedly. Solid nitroglycerin is much less 
sensitive than the liquid compound, but many accidents have occurred 
when frozen dynamite was jarred while being thawed. Uncoufined 
nitroglycerin in very small quantity 7 burns without explosion; but if 
a fraction of a drop of the material is contained in a capillary glass 
tube and this is exposed to a flame, the. nitroglycerin detonates with a 
loud report. Nitroglycerin is initiated to detonation by a black 
powder squib, but not uniformly so, and it therefore is almost as 
sensitive to initiation as mercury fulminate or lead azide. When 
compared with similar values for other explosives, the explosion 
temperature test value of nitroglycerin (222° C.) does not indicate its 
sensitivity to initiation by heat. No data are available in connection 
with the sensitivity of nitroglycerin to initiation by 7 initial detonating 
agents. However, the fact that 40 percent straight dynamite can be 
detonated by lead slyplmate indicates a high degree of sensitivity, 
since lead styphnale will not detonate pressed PETN and this is 
very sensitive to initiation. 

j. Nitroglycerin as such is not transported by common carrier, 
because of Its sensitivity to shock. A mixture of 70 parts of nitro- 
glycerin and 30 parts of acetone by weight is relatively insensitive and 
sometimes is transported by wagon or truck. Such a mixture can be 
detonated by a No. 8 blasting cap. Modified Bureau of Mines 
impact tests of various mixtures gave the sensitivity values shown 

by table XXIV. 
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Table XXIV. Impact Sensitivity of Nitroglycerin- Acetone Mixtures 


Coin posit ion, percent 


Impact fmsi. 

Nrtfflfilyttirin 

Acetone 

centimeters 

100 

0 

to 

90 

10 

23 

R0 

20 

41 

75 

25 

00 

73 

27 

04 

70 

30 

i 100+ 


3 * 

I 'J 

" £ ^ 

Hi Vx 

£** 

a*! 


0 


The nitroglycerin in sue!) a mixture can be separated from the acetone 
by precipitating the nitroglycerin by addition of an excess of water or 
by evaporating the acetone with a current of air. An emulsion of 
87-percent nitroglycerin and 13-percent water that has been stabilized 
with methyl cellulose also has been found to be sufficiently insensitive 
to permit safe handling. This mixture is not detonated by a blasting 
cap. 

On the basis of sand test values, nitroglycerin is as brisant as 
RDX and surpassed in this respect only by PETN among the standard 
military explosives. When improperly initiated, nitroglycerin can 
undergo detonation at rates as low as 1,500 to 2,000 meters per second ; 
but when properly initiated its normal rate is 7,700 meters per second. 
This is less than the rates of RDX and PETN at the same density. 

•i 

The temperature of explosion of nitroglycerin has been found to be 
3,500° C. The Trauzl lead block test value for nitroglycerin (550 
ml) is greater than that for any other military explosive and 
is reflected by its correspondingly highest heat of explosion value. 
The ballistic pendulum test values for the three compounds, however, 
indicate RDX and PETN to be more powerful than ni t rpgjycer in . 
In this connection, if is to lv> nntPri tliai 

tadano^ of 105.5) percent, while RDX and PETN b a ve 
Vftfudg of 66.7 and 85.7 percent, respectively. In the Trauzl test, the 
samples are not in contact with air, while in the ballistic pendulum 
test., air surrounds the sample when placed in the explosion chamber. 
This would tend to increase the test value for explosives that are less 
than oxygen-balanced but have no effect on the test value for nitro- 
glycerin. 

l. Nitroglycerin is quite stable at temperatures less than 50° C., 
as has been shown by storage tests over a period of years. At higher 
temperatures, the rate of decomposition increases rapidly, and 100° C. 
vacuum stability test data show that at that temperature, it is the 
least stable of the standard military explosives of the noninitiating 
type. 

m. Because of its stability, low solubility in water, and neutrality, 
nitroglycerin docs not cause significant corrosion of metals with which 
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it may be in content. Rust has been found to have a marked effect 
h increasing the decomposition of nitroglycerin, as indicated by 100 C. 
vacuum stability tests. The presence of more than a trace of free 
Jid renders nitroglvcerin quite unstable, decomposition with the 

appearance of red fumes taking place within a few days 

Nitroglycerin is readily absorbed through the skin into the 

circulatory system of the human body and vapors inhaled are absorbed 
h a 1( . hliMxl The effect is a severe and persistent headache, from 
^itsome relief can be obtained with strong black coffee or caffe.., 
Citrate Workers in constant contact with mtroglyeenn usual y 
develop an immunity that can be maintained only by almost daily 
contact. The toxicity of nitroglycerin does not cause organic dete- 
rioration, and workers do not appear to be affected by exposure oxer 
lengthy periods. Nitroglycerin is used medicinally for coronary ail- 

men Is, the normal dosage being 0.0005 gram. , . 

o Nit ro^l veer in is the most hazardous explosive manufactured m 

relatively large quantities, and extreme precautions are taken to 
insure safety during its manufacture and use. Barricaded 
emergency drowning tanks, remote control of operations, rubber hra 
connections, rubber-tired transfer buggies, etc., are examples of these 

precautions. 

46. Nitrocellulose . 

a. Nitrocellulose, cellulose nitrate, or NC is a mixture of nitrates 

obtained by nitrating cellulose. Cellulose is a long chain P®l3™“ . 
anhydroglucosc units (CJl.A), usually represented by the following 

structural formula: 
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The number of anhydroglucosc units (deg of polymerization or DP) 
varies appreciably. Cotton linters and wood pulp used for P^ation 
of military grades of nitrocellulose tiave a DP of approximately 1,000 
to 1,500. Cotton fiber is practically pure cellulose, and cellulose of 

equal purity can be separated from wood. 

b The hydrogen of the three hydroxyl (Oil) groups can be replaced 

by NOi groups, in which case the nitrated anhydroglucosc umt can be 
represented by the formula C.HAfSft),, with a formula weight of 
297.14 and a nitrogen content of 14.14 percent. Such complete ^ t ra- 
tion is difficult to accomplish, but material contom.ng 14.0 percent o 
nitrogen can be prepared without difficulty. If the nitration is earned 
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out under various conditions of acid concentration, temperature, and 
time of nitration, products containing from a few percent to 14.0 
percent of nitrogen are obtained. These differ widely in their solu- 
bility characteristics and the viscosity values of their solutions. In 
cellulose nitrate containing less than 14.14 percent of nitrogen, the 
nitrate groups probably are distributed at random in the three pos- 
sible positions in the anhydroglueose unit, so that nitrocellulose with 
a nitrogen content corresponding to that of cellulose dinitrate would 
represent cellulose, in which the nitration of the individual anhydro- 
glncose units had been carried to the point where an average of two of 
the three replaceable hydrogens had been substituted. The dinitrate 
and mononitrate would have nitrogen contents of 11.11 and 6.75 per- 
cent, respectively. 

c. Three types of nitrocellulose are recognized and distinguished by 
name. These arc described in ( 1 ) through (3) below. 

(1) Pyroxylin or collodion, which is soluble in a mixture of ether 
and ethanol, contains from about 8 to about 12 percent 
of nitrogen. The pyroxylin used for the manufacture 
of celluloid contains 11.0 lo 11.2 percent nitrogen, while 
that used in the manufacture of blasting explosives has a 
nitrogen content of 11.5 to 12.0 percent. The pyroxylin 
used for military purposes contains 12.20 ±0.10 percent of 
nitrogen. Pyroxylin is distinguished from the other types 
of nitrocellulose, also, by its partial solubility in ethanol. 

(2) Pyro cellulose is a type of nitrocellulose which has a nitrogen 
content of 12.60±0.!0 percent, and is completely soluble in a 
mixture of two parts of ether arid one part, of ethanol. 

* ^ elltiloso was developed by Mendeleev and, when eol- 

loided with ether-ethanol, formed the first smokeless powder 
lllerv used in the Lnited Stales. P vrooel 1 ulose for 
military use is manufactured from col ton linters or wood 
cellulose obtained commercially from wood pulp. 

(3) Guncotton contains 13 percent or more of nitrogen. The 
guncotton used for military purposes contains a minimum of 
13.35 percent. Only 6 to 11 percent of this type of nitro- 
cellulose is soluble in ether-ethanol mixture; but it is com- 
pletely soluble in acetone, as are pyroxylin and pyrocellulosc. 

d. In the manufacture of nitrocellulose propellants, there sometimes 
are used mixtures of pyrocellulose and guncotton termed blended miro- 
cel/ylose. These are designed to have desirable solubility and vis- 
cosity characteristics, as well as a specified nitrogen content of 13.1 5 ± 
0.05 or 13.25 ±0.05 percent. 

e ; The several types of nitrocellulose have thermochemicul charac- 
teristics, which have been found lo have linear relationships with 

nitrogen contents. A summary of these cl larac I eristics is shown bv 
table XXV. 
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Tahir XXV. Thermo chemical Characterinlics of NHroce Urn lose 


Nitrogen cmhiIcjiI , [ter writ 

12. GO 

13.IB ■ 


14.0 

Heat of combu stion, ca!/g: 

At constant volume — 

i 2415 

2345 

2320 

2237 

At constaT.t pressure 

2409 

2338 

2313 

2228 

Heat of formation, cal 1/g: At constant 
volume. 

616.7 

575. 5 

560. 8 

512.5 

Heat of explosion , cal/g: At cotistanl. 
volume, with: 

Water liquid-- 

! 030 

1017 

1045 

i 

1140 

Water gaseous — ----- 

| 855 

035. 5 

005 

1058 

Gas produced, ml/g: Al constant volume, 
with: 

W ater liquid _ . - - - - 

• 

•1 

•1 

744 

721. 6 

71 3. 5 

1 

687 

Water gaseous --- 

i 018. 5 

• 

1 

802. 7 

883. 2 

• 

853 


f. Nitrocellulose is not truly soluble in any solvent, so far as is 
known, it being partially or completely dispersed in a colloidal form 
by some solvents. Water has no such solvent action on any type of 
nitrocellulose*. Ethanol dissolves about 30 percent of pyroxylin, but 
has relatively little action on pyrocellulose or guncotton. An ether- 
ethanol mixture dissolves pyroxylin or pyrocellulose completely, from 
6 to 11 percent of guncotton, and only 1 to 2 percent of nitrocellulose 
having a nitrogen content of 14.0 percent. Acetone dissolves prac- 
tically all of any type of nitrocellulose. Other solvents, such as ethyl 
acetate, nil roe thane, and propylene oxide, have solvent action similar 
to that- of acetone. Many so-called gelatinizing agents, such as di- 
butylphthaliite, triacctin, and centralite, have a similar action when 
used alone or diluted with an ether-ethanol solution. Camphor dis- 
perses pyroxylin when the two are subjected to heat and pressure, the 
product being celluloid. Liquid nitric esters, such as nitroglycerin, 
arc eolloiding agents for nitrocellulose, and even aromatic nitrocom- 
pounds have been found to have some such effect. TNT, dinitrotol- 
ucne and rminonitrotolucne have increasing effects in Ihe order given, 
although toluene, like benzeue, has no solvent action on nitrocellulose. 

(j. Nitrocellulose is somewhat hygroscopic. Although the fineness 
of the material has some effect on hygroscopieily, pyrocellulose, gun- 
cotton, and 14-pereent nitrogen nitrocellulose absorb moisture to the 
extent of approximately 3, 2, and 1 percent, respectively, when ex- 
posed to an atmosphere- of 90 percent relative humidity at 30° O. 
This is an important- properly of nitrocellulose, as ll deteriorates much 
more rapidly in the presence of moisture; and the absorption of 
moisture by a. nitrocellulose propellant causes significant change in 
the ballistic value of the propellant. 

k. Like oilier nitrates, nitrocellulose is decomposed hv concentrated 
sulfuric acid, with the liberation of nitric acid or, in the presence of 
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mercury, nitric oxide. As L he latter reaction is quantitative, it per- 
mits determination of the nitrogen content of nitrocellulose by means 
of the nitrometer. Nitrocellulose undergoes saponification when 
heated with potassium hydroxide, with the formation of some potas- 
sium nitrate and degradation products of cellulose. 

i. For military use, the manufacture of nit rocellulose in the United 
States is carried out by the mechanical dipper process, which has dis- 
placed other more hazardous processes. In the mechanical dipper 
process, about 32 pounds of dried cotton lintcrs or wood pulp cellulose 
is added to a charge of about 1,500 pounds of mixed acid at a tempera- 
ture ol 30° C. The mixed acid is contained in a nitrator equipped 
with paddles, so designed that the cellulose is immediately drawn 
below the surface of the mixed acid. The nitration reaction is exo- 
thermic. and the temperature is kept from rising above 34° C. The 
addition of the cellulose to the mixed acid requires about 4 minutes. 
Nitration, with agitation of the mixture, is continued for 20 minutes 
more. The slurry is then discharged through a bottom valve into a 
centrifuge, where most of the spent acid is removed. The acid-wet 
crude nitrocellulose then is forked through an opening in the bottom 
of the wringer into a drowning basin, where it is rapidly submerged 
by a heavy stream of water. It now is ready for the necessary puri- 
fication process. A procedure for nitrating cellulose, which is used in 
Great. Britain and Canada, is the Thomson displacement process. 
An earthenware pan with a perforated false bottom is charged wiLii 
cellulose and mixed acid. A perforated plate placed on top keeps the 
cotton submerged during nitration and a layer of water over the plate 
absorbs the nitric acid fumes. After the nitration has been com- 
pleted, the spent acid is run off from the bottom as cold water is 
added on top. 

j. The mixed acid used has a composition dependent upon the type 
of cellulose nitrated, the degree of nitration desired, and the season 
of the. year. During warm weather, it is necessary that the nitric 
acid content, be slightly greater than during the winter, because of a 
tendency toward denitration of the mixed acid during warm weather. 
Representative mixed acid compositions arc shown in table XXVI. 

Toble XXVI. Com positions of Mired Acids for Xit rating Cellulose 

| For pyrouuOulose from— j For puncocton from— 

| Wood pulp Virtual . Wood pulp 

lininrt /inllnlrkm i _ . . . _ . r * 


limws cellulose Ibiter* cellulose 


o.rtf .. PerrrM Percent i’errao Percent 

Sulfuric acid _ *0 9 n _ 

Nitnewid 21. 5 | 23.5 1 24 5 23 5 

AitfosylsuJfurie acid ! 3.5 4. -I u ^ Q 

Water 15. 8 15. I = 1 1. 0 . 9. 0 

— : __iwo o i oo. o i no. o ' i oo. o 
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Variations in composition are introduced, in order to obtain products 
having different solubility and viscosity characteristics than those of 
nitrocellulose produced with the acid compositions shown. 

k. Crude nitrocellulose contains cellulose, some sulfate esters, and 
nitrates of partly oxidized or lydrolyzcd cellulose originally present or 
produced by side react ions during the nitration. It is probable that 
forms of cellulose nitrate, less stable than others, are also present. 
The removal of these impurities is important if nitrocellulose of maxi- 
mum stability is to be produced. This is accomplished by lengthy 
hydrolysis under acid conditions and subsequent beating, poaching, 
and washing. The acid hydrolysis, termed the “sour boil,” is carried 
out. by treating the crude nitrocellulose with boiling water containing 
0.025 to 0.50 percent acid calculated as sulfuric acid. Pyrocollulose 
and pyroxylin are subjected to 40 hours of boiling treatment, with 
three changes of water during this period. Guncotton is subjected 
to 60 hours of boiling treatment followed by two 5-hour boiling treat- 
ments, with change of water after each t reatment. It is then cut and 
crushed by a pulping or “beating,” to liberate and free acid retained 
in the fiber canals or fine structure of the nitrocellulose. This, gen- 
erally, is accomplished by means of a type of beater used in the paper 
industry and known as a Jordan engine. The beating operation is 
carried out with a large volume of water, just sufficient sodium car- 
bonate solution being added to preserve a slightly alkaline reaction to 
phenolph tlialei n . Beating is continued until the nitrocellulose has 
been reduced to the desired degree of fineness, as determined by a 
settling tesl. After the slurry from the beater lias been settled and 
decanted, the nitrocellulose is subjected to a poaching treatment that 
consists of one 4-hour, one 2-hour, and two 1-hour boiling treatments 
with sell ling, decantation, and the addition of fresh water after each 
treatment. In the 4-hour boiling treatment, sodium carbonate to the 
extent of 0.5 percent of the weight of dry nitrocellulose is added. The 
poaching treatment is followed by not less than two washes with cold 
water, each wash consisting of agitation of the nitrocellulose with 
fresh water for at least half an hour. After the final washing, Hie 
nitrocellulose is screened through slots not more than 0.022 inch wide, 
in order (o remove any incompletely pulped fibers. 

l. Nitrocellulose produced by the foregoing nil ration and purifica- 
tion processes is of maximum stability. It generally is faintly alkaline 
as indicated by an electrometric pH test, and contains Jess than 0.01 
percent, of cellulose sulfate. Nitrocellulose is shown in figures 38 and 
39. 

m. Military grades of nitrocellulose are: 

Clan Xitrogcn, percent 


Grade A Pyrorelluiose 

Type 1 

Type II 

Grade B Guncotton. .. 


12.60 + 0.10 
12.60 -fc 0.1 5 
13-35 minimum 
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Ct<v» 


XUroprn. i*rte*t 


Grade C — . 

Type I... 

Type II 

Grade D .... 



13. 15 ±0.05 
13.25 ±0.05 
12 . 20 - 0.10 


in addition, there is a long-fil>cr nitrocellulose of tho guncotton 
cli^s, produced by nitrating long filn-r cotton and purifying without 
a pulping operation. I»ng fiber nitrocellulose is required to have a 
nitrogen content of not less than 13.0 percent and is used in electric 
primers for cannon. 



Figure 38. Xitroc*Uul«*« fibers, 1 S' x. 


n. In addition to requirements with respect to nitrogen content, 
nitrocellulose must comply with certain requirements when subjected 
to the t>5.5° C. kl and 131.5° C. heat tests. Grades A and D material 
must be not less than 00 percent soluble in ether-ethanol mixture, 
(»rade A (type I), grade C\ and grade I) nitrocellulose must contain 
not more than n.4 percent ash and not more than 0.1 percent of mate- 
rial insoluble in acetone. Requirements, with respect to fineness and 
viscosity, are those specified in the contract or order. long fiber 
nitrocellulose must comply with similar requirements for ash and 
acetone-insoluble material and be not more than 15.0 percent soluble 
in ether-ethanol mixture. 

"• Dry nitrocellulose is very sensitive to impact, friction, heat, and 
spark and is never handled in quantity, as such, in the United States. 
Impact tests show nitrocellulose to be almost as sensitive as mercury 
fulminate. While the explosion temperature test value for nitrocel- 
lulose (230° c.) is not particularly low. die rapid rate of decom posit ion 
of t he material at temperatures greater than 100 ° C. and the exoihcr- 
mieity of such decomposition make the material very sensitive to 
ignition bv a spark. Nitrocellulose is of the same order of sensitivit v 
to initiation as lead azide, and it can he detonated even when wet. 
A nitrocellulose-water mixture (containing 40 percent water) confined 
in a steel barrel sometimes is detonated by a stick of dynamite, and 
the frequency of detonation is greater when (he water is frozen, 
'lests have shown nitrocellulose (uniformly wetted with 35 percent 
ethanol) will also detonate, on occasion, when initiated with dynamite. 
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Figur' &). s UroeelluliMt fibers, 75 x. 

p. Tin 1 brisanee of nitrocellulose is directly comparable with that 
of TNT and less than that of tetryl. as determined by the sand test. 
Tin- brisanee of nitrocellulose increases with increase in the nitrogen 
content, and comparative values are given in table XX\ 11. 

Table XXVII. Krisance of XUraceUulote 


N'ilnX!*® onirnl. 

Si»nd im«. 

{■root 

CT»tr» "t 

12 00... 

15.0 

13. 15... 

1*0 

13. 35 .. 

to o 

14. 0 

52 3 


The rate of detonation of guncotton (7.300 meters per se«-ond) is 
greater than t hat of TXT. As nitrocellulose propellants can be 
caused to detonate as well as burn, their brisanee values are high. 
Trauzl lead block tests show guncotton to be more powerful than 
tetryl, but its heat of explosion is more comparable with that of TNT. 

q. Nitrocellulose, even when highly purified, is much less stable 
than most of the noninitiating military high explosives, as judged by 
elevated temporal ure tests. It appears to undergo very slow decom- 
position even at ordinary tempera turea^- the rate of decomposition 
increasing 3.71 times with each increase in temperature of 10 ° C. 
The presence of moisture increases the rate of decomposition con- 
siderably and the presence also of free acid or alkali lias an even more 
pronounced effect. Rales of decomposition of pyrocellulose under 
various conditions are shown by table XX\ 111. 
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Tahir A A VIII. / ><*coi'i <1/ i/rnCi lluloSt 


I>*<Niin|wli»oo inr^imu 


fcreent 4\ iutuh)e allrir iickt literaicj 
PW tv«ir nl 


Boat 

Water 

0.00 percent X'itric arid solution 

0035 | torrent Nitric arid notation... 
0.035 jtermit Sodium rt»ri»onato solution 
95 porii'iit Kthanol__ 


v °c 

¥7.5* C 

0 0000015 

0. 002s 

o tM)oniii 

0. 0051 

0. 0000325 . 

o. ooss 

0 0006870 

0. 135R 

0. 0000200 



From these data, it is apparent that alkali is more effec tive Than acid 
in causing the deterioration of nitrocellulose. 

r. The great care taken in the purification of nitrocellulose is due 
to the necessity for removing impurities that are much less stable than 
nitrocellulose itself. Cellulose sulfate is unstable, with respect to 
heat and moisture. Propellant* made from nitrocellulose containing 
even comparatively small amounts of such eaten* give decreased I34.fi 0 
C. heat test values and deteriorate more rapidly. The little known 
nitrates of oxidized Cellulose, also, are objectionable and cause in- 
creased instability of nitrocellulose, if not removed during the purifi- 
cation process. 

s. The greater the degree of nitration of nitrocellulose, the h-ss 
susceptible it is to hydrolysis. When subjected to t lie action of boiling 
water for 10 days, the several grades of nitrocellulose are hvdrolvzed, 
as shown by table XXIX. 


Tahlt XXIX. Uydrult,,i* of S itroc.lhilou 


IVrernt arallHl.lr 
NllTOSM, I«trnl nilrli- acid 

bbOTMfd 

Pyroxylin. 

11.13 

1. 71 

PyrocHliiltwt* 

12.02 

1. 22 

Guncotton. . 

13. 14 

1. 03 


The relationship shown by these data is nearly linear. 

t. \ acuurn stability tests of the different grades of nitrocellulose at 
various temperatures have shown the stability of nitrocellulose to 
decrease with increase in nitrogen content. Representative teat 
values arc given in table XXX. 

a. The practical problem of the storage life of nitrocellulose propel- 
lants. due to the inherent instability of nitrocellulose, is not as serious 
as n once was. Improved nitration and purification procedures and 
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Tabic XXX. Vacuum S<ah,Uly 7VC* of Xitroccll nh»e 
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Kltrop-M coni.t. 1 . perCT-ni 

90* C. 
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MiBniur. 

Hour? 

1 Mlllltllrr? 

Hour? 

MlMl'Hr* 

Mourn 

- 10- 

0 17 

40 

I. 0 

40 

11 + 

10 

0. 23 

40 



. . . ! _ . 


W-' 1 '- - 

13.30. 

13.15- 

0. 30 
0. 42 

10 

40 

1 0 

40 

n+ 

n+ 

16 

10 

.4] TC 

0 02 

40 



• •••L 

• • - - 

is.< •>. — 

1*1 UR .... - - - . 

1. 40 

40 

11+ 

21 

n+ 

10 
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bet ter control of the quality of the cellulose used have made practicable 
the production of nitrocellulose of improved stability. The formula- 
tion of propellant compositions with mosilurep rooting agents and more 
effective stabilizers has insured better protection of the nitrocellulose 
and longer prevention of acceleration of its rate of thermal decompo- 
sition. 

47. Pentaerythrite Tctranitratc (PETN) 

a. Pentaerythrite tetnvnilrato, PETX, penta, pent riL, or nitro 
pen taeryth rile is an aliphatic nitrate having the structure 

CFI-O—NO: 

OjN.O.H/C — C— CHjO.NO* 
in.o-NO, 

mid a molecular weight of 310.1 lf>. As manufactured, it forms white 
prismatic needles, which crystallize from water as tetragonal crystals 
(figs. 40 and 41). PETN was first prepared in 1901 by Vignon and 
Germ. The compound was not used on a practical basis until after 
World War 1. It has been used extensively in admixture with TXT 



Figure 40. I’ETN crystals, I >4 z. 
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Ktur* 41. PETN crystals. *5 r 


for the loading of small caliber projectiles and gTonudes mid has been 
used lo some extent in defoliating fuse, boosters, and detonators. 
Foreign uses have included, also, the press-loading of mixtures of 
PETN' and a uux. 

b. Highly purified PETN melts at 14 1.3 9 (’. It boils at 160° and 
180° C. under pressures of 2 and 50 mm, respectively: at atmospheric 
pressure, it decomposes rapidly, and, in some cases, explosively at 
temperatures greater limn 210° C. PETN crystals have a density of 
1.765 and can be pressed to a density of 1.74 when subjected to a pres- 
sure of 40,000 |>si. The crystals have a scratch hardness of slightly 
less than 2 on Mohs' scale and therefore are harder than TNT crystals 
and softer than RPX crystals. The compressed crystals have a 
specific heat value of 0.4 caloric per grain per degree Centigrade. 
The heat of combustion of PETN at constant pressure is 1.974 
calorics per gram and from this is derived a heat of formation value 
of 119.4 kilogram -calories per mole. 

c. At 25° and 96° C., PETN is soluble in water to the extent of only 
0.0013 and 0.018 gram, respectively, per 100 grams; and the compound 
is nonhygroecopic when exposed In an atmosphere of 90 percent rela- 
tive humidity at 30° C. The solubility of PETX is some other solvent* 
is shown by table XXXI. 

d. PETN is decomposed much more slowly than is nitrocellulose by 
a boiling 2.5 percent solution of sodium hydroxide, several hours being 
required for complete decomposition. At 50° a solution of sodium 
sulfide decomposes PETN slowly, but a boiling solution of ferrous 
chloride decomposes it with fair rapidity. PETN does not reduce 
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FchEngs si «i it ion even on boiling: in this respect it differs from some 
other aliphatic nitrates. At ordinary temperature or o0 U dry 
PETN docs, not corrode copper, brass, aluminum, steel, stainless at eel. 
cadmium, nickel, or zinc; in the presence of moisiure, it causes slight 

corrosion of brass, cadmium and. zinc. 

, While PETN can be manufactured by treating pciitacrvilintoi 
with nitric ecu] and adding concentrated sulfuric acid to complete the 
separation of the PETN, manufacture in the I nited States has been 
with nitric acid alone: 

C(CJTiOH).+4 HNOs -* C(CTT*NO,) 4 -M H/) 

This is acounplisliiui by a-lding approximately 75 imund. of pcniae- 
rytliritol to SB0 pounds or 90 percent nitric acid m a n.lrator, with 
continuous stirring and cooling of the acid. The pentacrrthniol is 
ad.led at ?n.ch a rate that, with an initial acid temperature of 10 C„ 
the temperature increases to and is maintained at -2° "» < Mir- 

ring and nooling are continued for 20 minutes after addition of the 
pcntacrvtLritol is complete. The aeid solution then is added, with 
agitat ion. _o about 850 pounds of cold w ater in a drow ning tank, l he 
precipitated PETN is caught on a glas>-elotli filter and washed w ith 
water. It is then mixed with 1.300 gallons of cold water containing 
2 pounds * sodium carlnmatc and separated from die slurry l*y retil- 
lering. After being washed again w itli water, the PET N is dissolved 
in 440 pot ids of 98-pcrceiil acetone heated to 50 C. and eomaming 
14 ounces of ammonium bicarbonate. The solution is hlteml and the 
PETN precipitated by the addition of cold water to the acetom 
solution" The precipitated solid is rough t on a filler nn.l woshed wnth 
water to remove acetone. The water-wet n.atenal us considered the 
final prod C et, as it generally is not dried before being used I he yield 
of PETN by this process is approximately y3 percent of the »heor. al. 
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The spent, acid resulting from the drowning operation contains ap- 
proximately 20 percent nitric acid . This is recovered and concentrated 

m ? thcr 1 i 1( 3 ,lor - remltmg from the precipitation of PETN, contains 
approximately 25 percent acetone, which also is recovered. 

/. The purity of PETN produced by this process depends upon that 

o ie pent aery Hint ol nitrated. Ordinarily, the pentacrythritol used 

or nitration contains 2 or 3 percent of dipcntaerythritol anil a small 
amount of tnpontaurythritol: 

(ITOH s C) 3 C. CH 2 .0.CH 2 . C(CH 2 OIT), and 
(H0II 2 C) 3 0. 011,0. CH 2 .C(CH 2 OII) 2 .On 2 .O.CH 2 .C(CH 2 OH)j 

PETN produced on a large scale contains corresponding amounts of 

the hexuutrate and octamtrate of these compounds, respectively But 

one grade of PETN is used for military purposes,’ and this cLpfe 
wnii tlie following requirements: 

Color: White or light, buff. 

Moisture l : Minimum, 40 percent. 

Melting point: Minimum, 140° O. 

Nitrogen content: Minimum, 17.50 percent. 

Acetone insoluble k Maximum, 0.10 percent. 

Grit 1 : None. 

Acidity or alkalinity 2 : Maximum, 0.005 percent. 

120° C Vacuum stabUity test: Maximum, 5 milliliters of gas 
from 2.3 grams in 20 houi-s. 

Granulation: 


Through titrt Ko. 

— - Minimum 

80 Minimum 

100 Maximum 

Minimum 

140 Maximum 

200 .. Maximum 

200__ Minimum 


Class A 


CUits B 


100 


Oass C 

95 


85 

55 

30 


Claw D 
100 

20 

5 


80 

G5 


30 


Class A PETN is used in detonating fust, and boosters, class B is used 
m prnnmg compos", ons, class C is used in the manufacture of pento- 

PETN b daSS D 18 USI?d ' n bIastlng ™d detonators. As pure 

“'yf 11 COnU ; nt . of 1772 !»»«* «d ^ melting point of 
.’ tJle mil,tar y grade is approximately 99 percent pure The 
gnt requirement ,s unportant, because of the sensitivity of PETN and 
known effect of gritty material in increasing sensitivity The aridity 
or alkubrnty requirement is important, since the prepuce ofTillde 

of PETN^o" cither has been found to accelerate the deterioration 

N ° " marte ‘ l degree. The granulation requirements are 
those found oplunum for specific uses of PETN. 

i SI “> C PETN' use ,3 in copredpltsted pentolife. 

1 N ot applicable t» Class C PETN. 
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g. PETN is not as sensitive to impact as nitroglycerin or nitro- 
cellulose, but, is slightly more sensitive than RDX and distinctly more 
so than tetryl. It is less sensitive to friction than RDX and more 
sensitive than nitroglycerin, as judged by the pendulum friction test.. 
Explosion temperature test values indicate PETN to be as sensitive 
to heat as nitroglycerin or nitrocellulose. However, the minimum 
temperature required for the explosion of PETN (215° C.) is greater 
than those required for the explosion of nitroglycerin (210° C.) and 
nitrocellulose (175° C.). Peculiarly, PETN is relatively insensitive 
to electric sparks, being much less sensitive than TNT or tetryl. 
However, it is more sensitive than RDX in this respect. PETN is 
more sensitive to initiation than nitrocellulose, RDX, or tetryl, as 
judged by the sand test. This is shown, also, by the fact that PETN 
with 35 percent of water present can be defoliated by a No. 6 electric 
blasting cap. whereas RDX fails to explode if more than 14 percent of 
water is present. In spite of these somewhat inconsistent data, the 
overall sensitivity level of PETN is such as to make it otic of the most 
sensitive military explosives of the noninitiating class. 

h. As measured by the sand test, PETN is the most brisant of the 
military high explosives, with RDX approaching it closely. Plate 
dent, tests indicate PETN to be slightly less brisant than RDX, and 
the results of fragmentation tests of mixtures of PETN and wax and 
RDX and wax are in agreement, with the plate dent test values. The 
slightly higher rate of detonation value of RDX, also, w ould indicate 
it to be the more brisant of the two. Ballistic pendulum and Trauzl 
lead block lest values indicate PETN and RDX to be almost equal 
in power, although, PETN has a distinctly greater heat of explosion 
value than RDX. In general, it may be considered that PETN, 
RDX, and nitroglycerin are approximately equal in brisance and ex- 
plosive power and, in these respects, are the most potent of the 
standard mililary explosives. 

i . Vacuum stability tests at 100° and 120° C. show PETN to be 
more stable than nitrocellulose or nitroglycerin at elevated tempera- 
tures but distinctly less stable than RDX, tetryl, or TNT. It is quite 
stable at 100° C., as it withstands heating at this temperature for 100 
hours without, significant deterioration. Storage at 65° C. for 20 
months docs not cause instability or undue acidity; and after 24 months 
only slightly excessive acidity is develo|>ed. When 0.01 percent of 
free acid or alkali is present, storage for only 15 months at 65° C. is 
required to cause rapid acceleration of the rate of decomposition, as 
judged by the free acid content. As RDX, tetryl, and TNT are even 
more resistant to storage at 05° G\, PETN is not as suitable for storage 
and use under tropical conditions. 

j. PETN is not unduly toxic, since it is nearly insoluble in water 
and usually is handled while wet It, therefore, cannot be absorbed 
tlirough the skin and inhalation of the dust is improbable. Tests have 
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shown that small doses of PJETN cause decrease in blood pressure and 
larger doses cause dyspnea and convulsions. 

48. Nitrostarch 

a. Nilroslarch or starch nitrate is a mixture of nitrates obtained by 
nitrating starch. Its appearance is practically the same as that of the 
(limit-rated starting material. The starch molecule consists of about 
1,000 anbydi'oglucose units 


OH OH 



H | , 

CH 2 OH CHjOH 


RA PD 21 2337 

having a configuration, which results in spiral arrangements of the 
units that are three-dimensional. The effect of this is the granular 
form of panicle characteristic of starches instead of the long-chain 
threadlike molecules of cellulose formed by several thousand anhydro- 
glucosc units (fig. 42). 


* 


Figure 43. Nilroslarch granules, 100 x. 

b. Starch was first nitrated by Braco 11 not in 1833, the product 
being termed ryloidine. Later European practice in the manufacture 
of nitrostarch consisted of dissolving the starch in strong nitric acid 
ami precipitating the nitrate by the addition of sulfuric acid or spent 
acid from another nitrating operation. Like the nitrocellulose 
produced during the earlier years of its history, such nitrostarch was 
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incomplctet/ purified and of very poor stability. The pulverulent, 
dusty natuir of the dry material was also considered a disadvantageous 
characteristic when compared with the fibrous structure of nitro- 
cellulose. Cotton and wood are the major sources of supply of 
cellulose, and starch might logically be considered another major 
source of a ! comparable material. However, because of the relatively 
small size and form of its molecule, the physical characteristics of 
nitrostarch 1 arc such that it docs not yield tough colloids like nitro- 
cellulose when gelatinized. It therefore is much less suitable Lhan 
nitrocellulose for the manufacture of propellants; and its use from a 
practical viewpoint is more or less restricted to that of an ingredient 
of detonat ing explosives. Like nitrocellulose, nitrostarch is an im- 
portant ingredient of some commercial blasting explosives. It. has 
also been used in the United States as an ingredient of military 
bursting charge explosives for grenades and trench mortar shell, 
demolition! explosives, and a priming composition. Such military 
use has been chiefly during World Wars I and 11 and may therefore 
be considered to be essentially of an emergency nature. 

c. Frouna chemical viewpoint, nitrostarch may be considered to be 
another fci.rm of nitrocellulose. It has nitrogen contents comparable 
with thosn- of the various types of nitrocellulose and the thermo- 
chemical characteristics of nitrostarch are similar to those of nitro- 
cellulose a: the same nitrogen content. Nitrostarch, unlike starch, 
gives no color with iodine- It is decomposed by sulfuric acid in the 
presence »of mercury, to yield nitric oxide quantitatively, and its 
nitrogen content therefore can be determined by means of the nitrom- 
eter. Wtieii dissolved in nitric acid and allowed to stand, nitro- 
starch is decomposed. Like nitrocellulose, it is saponified by aqueous 
alkali. Itt is insoluble in water, but is completely dispensed by acetone 
to form ei colloidal “solution.” Ether-ethanol mixture has solvent 
action defending upon the nitrogen content of the nitrostarch, this 
action decreasing with increase in nitrogen content. Like nitro- 
cellulose, nitrostarch can be gelatinized by a wide variety of agents 
such as titers. It is hygroscopic to the extent of 1 to 2 percent. 

d. Nitrostarch is manufactured by the nitration of starch with 
mixed mud. The starch used is produced from corn or cassava and 
can be obtained from potatoes. 'Phis is purified to some extent 
by washing with a dilute sodium hydroxide or ammonia solution 
to remove fats and pec tic acid and then with water. After being 
dried so that- the moisture content is less than 0.5 percent, the starch 
is added to approximately four times its weight of mixed acid m a 
nitrator, :ne temperature being prevented from exceeding 3S° to 40° C. 
The composition of the mixed acid varies with the degree of nitration 
desired, an acid for nitration to 12.75 percent, nitrogen containing 
38 perceiut nitric acid and 02 percent sulfuric acid. After nitration 
is compile, the contents of the nitrator are drowned in cold water 
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nnd the nitrostareh caught on n filter. Purification is cffocted by 
washing with cold water, with the addition of am monin during tin- 
preliminary washing, until all traces of free arid arc remove*!. After 
separation on a filter or in a centrifugal wringer, the ni frost arch is 
«Iricd on trays in a dry house, heated with air at a temperature of 
:$5° to 40° C. The drying operation is the most dangerous of those 
involved in Uie manufacture of nitrostareh, as the dry material is 
sensitive to ignition by spark and hums with great violence. 

e. There is no standard grade of nitrostareh used for military 
purposes, there being specified a commercial grade having a nitrogen 
content from 12.8 to 13.3 percent. 

/• Nitrostareh is slightly less sensitive to impact than guncotton, 
having a test value of 5 inches, as compared with 3 inches for gun- 
cot ton. The explosion temperature test value of nitrostareh (2 1 7° C.) 
is essentially the same as that for nitrocellulose (230° C.). The 
brisance and power of nitrostareh are similar to those of nitrocellulose 
of comparable nitrogen content. -Nitrostareh is less stable than 
nitrocellulose, as judged by 120° and 134.5° C. heal tests: ut ordinary 
temperatures, the two appear to be of similar stability as judged by 
long terra storage tests. 

•j. Nitrostareh Is used in explosive compositions chiefly as a substi- 
tute for nitroglycerin rather than nitrocellulose. When so used, it has 
the major advantage of making the composition nonfreezing and 
not subject, to the desensitizntiou that accompanies the freezing of 
nitroglycerin explosives. Nitrostareh explosives have been used as 
successfully in the Antarctic and Antic regions ns in temperate 
climates. Such explosives are free from the tendency to undergo 
leakage and the volatility effects on personnel in hot climates peculiar 
to nitroglycerin explosive. 

49. Trinitrotoluene (TNT) 

a. a- or 2,4,6-lrinitrotoJuene, TNT. trotyl, lolite. triton, tritol, or 
trilite is the most important of the six isomeric trinitrotoluenes. It ia 
an aryl nitrocompound having the structure 

CH, 



NO, 

RA PD 212833 

arid a molecular weight of 227. 134. 1 1. forms colorless or light vellmv 
rhoml.ohedr.il cry suds (figs. 43 and 45. . It was first prepared by 
Wil brand in 1*03 and on an industrial scale in Germany in 1 891 . 
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Figure 7'.V T crystal*, SO s. 


Beginning n 1901. Germany started to manufacture TNT on a com- 
menial & -»lc. and in about 1902. the German Army adopted it 
as standard filling for shells. Other countries slowly followed the 
German example, and by the beginning of World War II. nearly al! 
of them used it. During World War 1. its use was the maximum 
permitted by the available supply of toluene from the coke industry. 
The indib rial development of synthetic toluene from petroleum just 
prior to World War II made available in the United States an almost 
unlimited -supply of this raw material. Because of its suitability for 
melt-loading digs. 44 and Irt) and the formulation «»f binary explosives, 
also suit id kl e for md l -loading, TNT was produced and used on an 
enormous -rale during World War II and may be considered the most 
importau' military bursting charge explosives. Alone or as an 
ingredion Df binary explosives, it lias found wide application in shell, 
bombs, gn.nades. demolition explosives, and propellent compositions. 



Figure 4-i. Flaked TXT. lYt t. 
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f igurt .{6. Crystalline TNT, 30 j. 

It. Pure TNT lias a freezing point of 80.75 ±0.05° C. The freezing 
point is more reproducibly determined than the melting point and is 
us^d for judging the purity of TXT, since the impurities commonly 
present are soluble in molten TNT and cause depression of the freezing 
point. I’nliko some other high explosives, TNT does not undergo 
partial decomposition when melted. and it has been found that. TNT 
can be melted ami solidified at least GO times without signilieam 
decrease in its freezing point. At ordinary temperatures, TNT is 
essentially nonvolatile, its vapor pressure at 85° and 100° C. being 
only 0.053 and 0.1(16 mm, respectively. Under pressures of 2 and 50 
mm, it boils at 190' and 245° to 250° (’., resj>ectivcly. It may be 
distilled in a vacuum without decomposition. 

,rC of 1.56-1 0.01. wiien suhjiM-t i d 4o pr^sures of ' 

Xt 15,000. 20,000, and 50,000 psili Wis dcnsiu^sahjeffoTTSl. 1.40, 1.47. 
-| 1015, 1.55, nii<A TNT undergoes an 

(z expansion in 12 percent and the density of 

the viscosity of liquid TNT is 0.139 and 0.095 

aud ion ( r^ t K » ot - veU . _ 

d. The scratch hardness of TNT crystals is 1.2 on the Mohs’ scale 
and therefore is intermediate between tale ami gypsum. TNT has 
index of refraction values of a- 1,5430, 0-1.6742 and 7=1.717 for 
sodium light . When pressed to a density of l.G, TNT has a compres- 
sive strength of 1 , 100 psi and a modulus of elasticity of 5.4 X 10'° dynes 
per square centimeter. 

At temperatures of ()°, 20°, 50°, and 80° C. TNT has respective 
specific heat values of 0.309, 0.328, 0.353 and 0.374 caloric per grain 
Per degree ( Yntigmde. Its heat of fusion is 21.41 calories per gram. 
At 25' C., the thermal conductivity of TNT is 0.00054 calorie per 
second per centimeter per degree Centigrade. The coefficient of linear 
expansion of cast TNT varies somewhat with crystal size, but for 
crystals of medium size, it is 7.7XI0~ S inch per inch per degree 
Centigrade over the range -40° to 60 a C. The heat of combustion or 
’1 NT at constant pressure is 3,589.5 ealories per gram, and from this is 
derived a heat of formation value of 16.37 kilogram -ealories per mole. 
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1 TNT is very slightly soluble in water (0.0H), 0.013, and 0.14,5 
gram per 100 grams of water at. 0°, 20°, and 100* C respectively, and 
is hygroscopic to the extent of only 9.03 percent when «p<»ed o an 
atmosphere of 90 percent relative humidity at-t0C. The solubility 
of TNT in other solvents is shown by table \XaJI. 

| TMt XXXII. Solubility of TNT 

Solubility in grains i-r !«>{» Ml <* ■<*»**“ « 
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a» 

35 

3H 

Xt 
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0. 82 
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Methyl acetate. . 

26 
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208 
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inacetui. . 

Butyl earbitol aee-.sio. 

Sulfuric and. --- 

— 

24 

4 






^Nincenc. 

In i lie past, ethanol, carbon tetrachloride, and sulfuric acid werc^l 
for the purification of crude TN T by recrystalUza ion, '-t 'cm cal 
purification by means of sodium sulfite has replaced ret ry stal uatum. 

n \. compared with tctryl. picric m id. and oilier aryl nitrocom- 
pounds. TNT is relatively nonreaetive; hut it can form compounds 
hy either association or reaction. With basn- compounds, su ah «, 
aniline, pyrnline. diphcuylaminc, the toluidmes the naphthylammcs 
2-methylindolc, and carbaaolo, it forms molecular compounds having 
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characteristic colors and melting points. Alkalies, alkoxides, and 
ammonia read with TNT to form dangerously sensitive compounds. 
A mixture* of TNT and solid potassium hydroxide bursts into flame 
when heated to only 80° C. Sodium carbonate reacts with TNT to 
form a black solid, which is soluble in water or methanol, melts above 
200° C. with decomposition, is as sensitive to impact and heat as 
tetryl, and is very unstable at 120° C. With formaldehyde and am- 
monium hydroxide, TNT reacts to form a black solid, which softens 
at about 90° C, is less brisant and sensitive to impact than TNT, and 
is unstable at 1 00° C. Potassium methyls te and TNT react to yield a 
dark red powder, which inflames or explodes when heated at 130° to 
150 C. and has been reported to explode spontaneously on standing 
at ordinary tempera t lire. TNT and formaldehyde react with the 
formation of 2,4,6-trinitrophenylefhanoI. Sodium sulfide decomposes 
INF completely, with the formation of nonexplosivc products. Upon 
oxidation with chromic or nitric acid, TNT yields 2,4, 6-trinitroben zoic 
acid, which, on boiling in water, loses C0 2 and is converted to 2,4,6- 
t.rinitrob enzene. Exposure to sunlight, or ultraviolet light in the 
presence of oxygen causes progressive discoloration and decomposition 
with increase in sensitivity to impact. After exposure to ultraviolet 
light for 175 hours, a sample of TNT was brown in color, had an impact 

test value of 45 instead of 100 centimeters and a melting point of 79.8° 
instead of SO. 7° C. 

h. INI can he manufactured by one-, two-, or three-stage nitration 
processes, with toluene and mixed acid as the raw materials. AH 
three have been used on a production basis, but the three -stage process 
has been fount I to have the advantages of maximum yield, greater 
purity of product, and greater ease of control of acid concentration and 
temperature conditions. Prior to World War II, each stage of nitra- 
tion was carried out by adding the nitrating acid to the toluene, mono- 
nitrotoluene, or dinitrotoluene. During that conflict, there was de- 
veloped the “direct- nitration process,” in which the toluene, mono- 
nitro toluene, and dinitrotoluene are added to the mixed acid. This, 
with other improvements, resulted in reduction of the time required 
for a nitration cycle from 2 hours to 45 minutes and increase in the 
daily produc tion of TNT from a manufacturing “line” from 30.000 to 
120,000 or 130,000 pounds. The nit ration time for the mono and di- 
mtrations was 45 minutes each and that for the tri-stage 90 minutes. 
However, by having two trini Irat ors for each din i tea tor, it- was possible 
to start a new batch in the mononitrator each 45 minutes, although 
the total time in the nitrators was 180 minutes. It was this develop- 
ment, along with that of synthetic toluene from petroleum, that 
permitted the potential production of TNT in the United States to 
be increased from approximately 700,000,000 to 3,600,000,000 pounds 

per year. This was accompanied by a reduction in cost from 15 to 6 
cents per pound. 
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i. When toluene is nitrated in the mononitro-slage, the chi ef products 

are: 



NO, 

ORTHO- PARA- META- 

NITROTOi-CJENE NITROTOLUENE NITROTOCUENE 

62% 33.5% 4.5% 

RA PD 212B39 

As these compounds have melting points of —10.6°, 51.3°, and 15.5° 
C., respectively, the product is an oily liquid at ordinary temperatures. 
When this is subjected to dinitration, the produc ts are the following 
isomeric dinitrotoluenes (DNT) : 


CH j CH, CH 3 



N0 a 

3,4 ONT 2,3 DNT 3,6 DNT 

RA PD 212840 


This mixture of dinitrotoluenes contains approximately 74.8 percent 
of the 2,4 isomer, 20.7 percent, of the 2,6 isomer, 2.5 percent of the 3,4 
isomer, 1 -1 percent of the 2,3 isomer, and 0.9 percent of the 3,6 isomer. 
The mixture of these products is an oily liquid at the temperatures at 
which it is separated from the spent acid and subjected to Lrinitratiou. 
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Trim t ration involves production chiefly of the following trinitrotolu- 
enes: 



NOj 

cfTNT 




y-TNT 





The resultin' mixture consists of approximately 95.5 percent, of a, 1 .3 
percent of ft. 2.9 percent of 7 and 0.3 percent of f trinitrotoluenes. 
In addition there may be formed traces of the other two isomeric 
TNTs, 5 or 3,4,5 and e or 2,3,5. Other impurities in crude TNT 
include 2,4„<i-trinilrobenzoic acid, tctramlromethane, d in itroc resol, 
phenol, cyanic acid, and ammonium salts; and if trinitralion is not 
complete, some dinitrotoluene is present. When free of acid, crude 

TNT has a freezing point of only 75° to 76° C. 
j i n practice, the production of crude TNT by the direct nitration 

process is carried out as follows: To a nitrator in the “mono-house,” 
there is transferred approximately 12,500 pounds of “mono-mix” 
acid prepared by “butting up” with weak nitric acid, the spent acid 
from the dimit ration operation. The mono-mix acid contains approxi- 
mately 48 percent sulfuric acid, 14 percent nitric acid, 17 percent 
nitrosylsulfi.iric acid, 19 percent water, and 2 percent nitrocompounds. 
After the acrid has been cooled to 36° to 38° C. with agitation, 1,600 
pounds of toluene is added, with agitation, under the surface of the 
acid, at such a rate that the temperature of the mixture increases 
1° C. per minute. The temperat ure is about 55° C., when the addi- 
tion of toluene is complete, and this is allowed to rise to 57° C., when 
stirring is decreased and the charge cooled to 38° C. Stirring is 
discontinued and the spent acid allowed to separate and settle. After 
drawing olf the spent acid, the “mono-oil” is transferred to a scale 
tank in another building. Spent acid from the trinitralion operation 
is transferred to a nitrator in the “bi-house,” cooled to 77° C., and 
fortified wbh weak nitric add, so that the nitrator contains about 
12,500 poumds of a mixed acid containing 54 percent sulfuric acid, 
13 percent nitric acid, 17 percent nitrosylsulfuric acid, 8 percent, water, 
and 8 percent, nitrocompounds. To this, with stirring, the mono-oil 
is added, at. such a rate that the temperature of the mixture increases to 
82° C., and then more slowly to 85° C. The charge is maintained at 
this temperature for 8 minutes and then cook'd to 77° C. Stirring is 
discontinued and the spent acid is allowed to separate and settle. 
This is drawn off and the “bi-oil” is drained into a storage tank before 
transfer to it he “tri-house.” Here there is placed in a nitrator approxi- 
mately 8,-500 pounds of “tri-mix” acid containing 82.7 percent total 
sulfuric acid and 23.3 percent nitric acid and generally at a tempera- 
ture of approximately 85° C. This is cooled, with agitation, to S0° C., 
and the bi-oil is added at such a rate that the temperature oMhe 
mixture increases about 0.5° C. per minute lo a maximum of 90° C. 
After the charge has been held at that temperature ior a few minutes, 
increase at the rate of 1° C. per minute is permitted until the tempera- 
ture reaches 110° C. After this temperature has been maintained for 
20 minutes, it is decreased to 107° with continued agitation of the 
charge, b.iiring then is discontinued and the “tri-oil is allowed to 
separate r:: id form a (op layer while the temperature decreases to 
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about 93° C. There is obtained approximately 3,500 pounds of tri- 
oil, which consists of molten crude TOT and is pumped to the “wash- 
house” for purification. 

k. Purification of crude TXT is effected by the sellite process, 
which consists of washing with a solution of sodium sulfite arid sodium 
hydrogen sulfite. While sodium sulfite reacts to a very slight extent 
with a-TKT, it Is much more reactive with its isomers, in each of 
which there is present at least one nitro group in the meta or 3 posit ion. 
With the reactive meta groups, the sulfite reacts to form the sodium 
salt of a sulfonic acid derivative: 



N0 2 NOj 


RA PD 23 2A42 

Tdie sodium salts so formed arc water-soluble colorless compounds 
that arc readily removed from TXT by washing with water. Sodium 
sulfite reacts, also, with any tetranitromethane present, in crude 

TNT to form sodium trinitrome thane sulfonate, which also is soluble 
in water and easilv removed: 



CfXO^+NaJSO, *■ C(XO s ) ; .S0 2 .OXa+NaNO, 

P4.£>Cf?> D T* TV 

ihe s light reaction of - hot s odium sulfite and - a - TNT results in t he 
formation - of hex ani trod ihonzyl JcA OT/vJj 

t> A /?»]> ccaoA. 

C n 2 .C s H 2 {X0 5 ) 3 

/ H 3 .C 4 TT s (X0 2 )j 



read with any di nitro toluene or t rinitrobcnzoic acid present. The 
sodium hydrogen sulfite also used takes no part in the purification 
reactions. It neutralizes any free acid present and is used for its 
buffering action. 


1. In practice, the sellite purification process is carries! out in the 
tank of the wash-house by agitating the tri-oil with a small amount 
of hot w ater for a few' minutes to dissolve most of the free acid present. 
Sufficient cold water then is added to the mixture, with continued 
agitation, to reduce the temperature to 68° C. and cause crystalliza- 
tion of the TXT. Enough sodium carbonate is added to the slurry 
to neutralize the free acid present, but care is taken not to add an 
excess, as this would decompose some TNT. After neutralization, 
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there is added to the agitated slurry a calculated quantity of a solu- 
tion containing 16 to 17 percent sodium sulfite and 0.1 to 0.3 percent 
sodium hydrogen sulfite. The sulfite solution is added slowly at first 
and then moire rapidly, the total time being about 15 minifies. Dur- 
ing this addition, the color of the liquid in the slurry becomes a deep 
red. Agitation is continued for 15 minutes more, and the slurry 
then is transferred to wringers where the “red water” is separated. 
The crystalline TXT is washed with cold water to remove any adher- 
ing red water and then is transferred to a “melt tank” where it is 
melted, waslked well with hot water, aod then dried by agitation with 
dry air at 10X)° C. or more. The dry molten TNT then is cooled and 
flaked by nneans of a rotating flaker drum or crystallized in a grainer. 
The TNT olbtained by the sellite purification process generally has a 
freezing point of 80.3±0.1° €. but, by increasing the <1 oration of the 
sulfite treatment, a product having a freezing point us great as 80.6° C. 
can be obtained. The yield of purified TNT is approximately 80 
percent of that theoretically obtainable from toluene. 

m. There are two grades of TNT used for mili t ary purposes. Grade 
I is used for the loading of shell and bombs and the manufacture of 
demolition blocks and binary explosives. G rade III is used in priming 
compositions or special compositions that require either high purity 
or fine crystalline form. The requirements applying to the two grades 

are as follows: 

Grade l Grade III 

p orm flake or crystal- Crystalline 

line. 

C olor _ Light yellow Light yellow 

through huff. 

Solidification point, 0 C., minimum 80.2 80.1 

Moisture , percent, maximum 0.10. 0.10 

Acidity, percent, maximum 0.01 --- 0.01 

Alkalinity None None 

Benzcne-losohible, percent, maximum. 0.05 O.Oo 

Sodium, percent, maximum 0.001 0.00 L 

Thickness of flake, inch, maximum: 

Average 0.025 

Individual — 0.0 L 


Granulai ion: 

Through No. 11 sieve, percent, 95 100 

minimum. 

Through No. 100 sieve, percent, 

minimum. 


The solidification or freezing point of the material indicates the extent 
to which il has been freed of impurities, such as isomeric TNTs and 
DNT, while the benzene-insoluble requirement controls the presence 
of metallic salts, rust, etc. The sodium requirement is intended to 
prevent the use of excessive sodium carbonate for neutralizing acidify 
of the tri-iflil and incomplete washing of TNT after treatment with 

sodium sulifite. 
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n. TXT is one of the least sensitive of the military high explosives, 
only ammonium pierate, nitroguamdine, and ammonium nitrate bem- 
less sensitive. Tt has high impact test values, is unaffected in the 
pendulum friction test, explodes in only 2 percent of the trials when 
subjected to the rifle bullet impact test, has a very high explosion 
temperature test value (475° C.), and has high minimum detonating 
charge values for initiation by lead azide and mercury fulminate It 
can he detonated by a Xo. 6 electric blasting cap hut' the presence of 
only 7 percent of moisture prevents detonation; whereas 14 and 35 
percent moisture is required to cause the desensitization of RDX 
and PETX, respectively. The line dust of TXT is sensitive to electric 
sparks. When ignited in free air, it bums completely without detona- 
tion; and the temperature of the liquid phase must be 510° C. if 
detonation is to result from burning. Even when it is under a t«- as 
pressure of 100 psi, the liquid phase temperature must be greater than 
285 C., if TXT is to burn with subsequent explosion. In the manu- 
facture of TXT, small amounts of finely divided, condensed TXT 
may be deposited in ventilating pipes, etc. Tins is slightly more 
sensitive to impact than ordinary TXT but is less sensitive than 
tetryl having impact test values ol 10 inches and 40 centimeters with 
a . -kilogram weight. The presence of rust increases the sensitivity of 
1X1 to impact, a mixture of equal weights having an impact test 
value of only 30 centimeters; but the mixture is no more sensitive to 
riction than TXT, as Judged by the pendulum friction test. Liquid 
J ^ 1 is very much more sensitive to impact than solid TXT. At 80° 

90 and 10o° to 110° C., liquid TXT lias impact test values of only 

rc ‘ s P^tively, as compared with 14 inches for solid 
1 1\ J at -0 In rifle bullet impact tests with no air space above the 
explosive, high order detonations result in 70 percent of the trials with 
iqrnd TX l at- lOo to 110° (X, as compared with partial explosions 
m 1 0 percent of the trials with solid TXT at 20° C. While ( he decree 
of confinement is quite critical in its effect on the sensitivity of liquid 
IX I to impact, it is of the same order of sensitivity as mercury 
ulmumte. Tjquid TXT is, apparently, no more sensitive to friction 
than solid 1 NT, as judged by pendulum friction tests with the base 
block heated to 130° C\, but liquid TXT is considerably more sensitive 
to explosion by influence than solid TXT. In comparative tests with 
air gap of 5 inches, explosion to molten TXT was transmitted in 

j P m ' wlt of t,1G as compared with no explosions of flaked TXT 
havung an apparent density of 0.77. These tests also showed the flaked 
X T, ci j, stalhne IX I of apparent density 0.91, and cast TXT of 
density 1.55 to be of decreasing sensitivity in that order. Summariz- 

» ' 27 ^ M ‘ at *’?“ TXT is * material to handle 

but molten I XT may be an extremely hazardous material under 

ceitam conditions; and several accidental explosions in melting 
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equipment l.ave been attributed to the liquid TXT being subjected 

t,o shock while under some confinement. 

o. TXT has the same brisanec as picric acid and guncotton and is 

superior to explosive “D” and nitroguanidinc in this respect, as judged 
by the sand test. It is distinctly less brisant than telryl, hnleitc, 
PETX, RDX, or nilmglycerin. Fragmentation tests show TXT to 
be about equal to picric acid, more brisant than explosive “D,” and 
inferior in this respect to telryl, haleile, FEIN, and RDX. As 
TXT has a lower rate of detonation {6,900 meters per second) than 
any of the other nine explosives mentioned, it is evident that rate of 
detonation clone does not determine the brisanec of an explosive. As 
judged by ballistic pendulum and Trauzl lead block tests, TXT is 
more powerful than explosive “D” but less so than picric acid, gun- 
cotton, tetryl, haleite, PETX, RDX, or nitroglycerin; and TXT has 
a lower heat of explosion than any of these explosives except explosive 
“D.” These comparisons do not indicate TX P to be a weak explo- 
sive, as the data indicate TXT to be approximately 80 percent as 
brisant and 65 percent as powerful as PETX and RDX, the most 
brisant and powerful of the solid high explosives used for military 

purposes. 

p. The chemical stability of TXT is such that even at 150° C. it 
undergoes no great decomposition in 40 hours. XI ol ten TXT can be 
stored at 85° C. for 2 years without any decrease in purity. TXT 
has been found to withstand storage at magazine temperatures for 20 
years without any measurable deterioration. The physical stability 
of TXT, however, has caused considerable trouble in the past because 
of the relatively low melting [joint of a-TXT, the presence of the p 
and 'y isomers and DXT as impurities, and the formation of eutectic 
mixtures having melting [mints even lower than the of a-TX 1 . 
When loaded in shell and stored at elevated tempera Hues, the liquified 
eutectic mixture flows toward the nose of the shell and exudes as a 
dark oily liquid that is less sensitive than TXT but represents a fire 
hazard. The exudation of shell causes cavitnlion of the charge and in 
some eases desensitization of the booster charge. It has been found 
that TXT must have a minimum freezing point value of 80.2° C., if 
exudation is to be avoided in storage at 50° C. (122° F.); but such 
TXT exudes at 65° C. (150° E.). If exudation at 65° C. is to be 
prevented, the freezing point of TXT must be greater than 80.4 C. 
Even TXT having a freezing point of 80.70° undergoes very slight 
exudation if the storage temperature is 71° C. (160° F.). Binary 
explosives having TXT as an ingredient also tend to exude at elevated 
temperatures; but this tendency is less than that of TXT if the other 
ingredient — such as ammonium nitrate docs not form an eutectic 
mixture with TXT. When an eutectic mixture is formed as with 
PETX— the tendency to exude is increased. While the problem of 
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exudation is not as serious as immediately after World War I. this 
charnel eristic of TNT is decidedly disadvantageous. 

q. Moisture has no effect on the stability of TNT. which is un- 
affected by immersion in sen water. However, at 50° C. ethanol 
reacts with a or 7 but not tf-TNT. In the case of a-TNT the products 
are ethyl nitrite and an unidentified nitrocompound that melts at 
77.5° to 77.0° C. and is soluble in exudate oil. This was another 
contributing cause to the exudation of TXT charges in the period 
following World War 1. as ethanol wag used to clean the threads in 
shell noses and an ethanol solution of shellac was used to coat the 
umIIs of booster cavil i«*s in TNT shell charges. TXT undergoes slight 
reaction with iron rust as indicated by 120° C. vacuum stability tests 
of mixtures. When a mixture of TXT, iron, and water is in contact 
wtth either hydrochloric acid or trichloroethylene, there is formed a 

dark brown solid that is nonexplosive but relatively unsiable. Potas- 
sium nitrite has been shown to be incompatible with TXT, and this 
effect of nitrite is the basis for the requirement that ammonium nitrate 
used for manufacturing amatol be free of nitrites. TXT is com- 
patible with nitrates, potassium chlorate, black powder, and coatings 
such as bakelite. a. idproof black paint, and shellac. It causes slight 
or very slight corrosion of lead, but has no effect on copper, tin. iron, 
steel, zinc, cadmium, nickel, brass, or bronze. 

r TNT is somewhat toxic, but not extremely so and has no vesicant 
or laenmatorv action. A maximum conecntralion in air or 1.5 milli- 
grams per cubic meter has been suggested to avoid undue toxicity. 

50. Tetryl 

a. 2, I. 6-Trinitrophenvlmetliylnitraminc. tetryl. teiralite, pyronite, 
or CE is a nitroaryl nilratnine having the structure. 



NO, 

*APD 212843 

""I 8 nmlccular weight of 2S7.15. As ordinarily manubotured, i. 
,as 11 11 yrilow or buff color and consists chiefly of aggregates of 
crystals digs. 47 and 48). When freshly prepared and highly purified, 
it is colorless but rapidly acquires a yellow color when exposed to light 
, non crystallized from benzene, it forms monoclinic prisms. Tetryl 
has been used chiefly as a booster explosive, as an ingredient of a 
binary explosive, and in the loading of detonators and blasting caps. 
It was first prepared by Mcrtens in 1877, but was not used as an 
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Figure .',7. Tilryl crystals, 1 X. 

explosive until World War I. In the early literature, it was desig- 
nated as tctranitromethylanilinc. 

b. Pure i *lryl melts at 120.45° C. with partial decomposition, and 
repeated solidification and melting rapidly increase the degree of 
decomposition. Tetryl has a scratch hardness of less than one on the 
Mohs’ scale and therefore the crystals are slightly softer tlmn talc. 
With a crystal density of 1.78, tetryl lms n density of 1.02 when cast. 
When subjected to pressures of 3.000. 5,000, 10.000, 20,000, and 
30.000 psi, it has density values of 1.40, 1.47, 1.57. 1.67, ami 1.7 1. 
respectively. Il has specific heat values of 0.213, 0.217, 0.223, and 
0.231 calorie per gram per degree Centigrade at. 0°, 20°, 50°, and 
100° C., respectively. Tetryl has a heat of fusion value of 20.6 
calories per gram. Its heal of combustion at constant pressure is 


Figure ,{S. Tetryl crystals, dA x 
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2,914 calories per gram, and from this is derived a heat of formation 
value of 5.02 kilogram-calories per mole. The solubility charac- 
teristics of tetryl are shown by table XXX 111. 


Table. XXX III. Solubility Characterifsliea of Tetryl 


° c 


(tains {mm- 10(1 grants of solvent ar— 



! ° 1 
l 

'2V ! 50 

6*3 75 

sn 

Water. _ 

i 

_ - _ 0. 0005 

0. 0075 0. 0105 

0. 035 0. 066 

0. 08 1 

Ethanol*. 

.. . a 820 ! 

0. 563 1. 72 

2. 64 5. 33 


Carbon tetrachloride 

. 0. 007 ' 

0. 025 0. 095 

0. 151 0. 297 


Chloroform 

0. 225 

0. 57 : 1. 78 

2. 65 


Ethylene chloride _ _ 

l. 5 i 

3. 8 12. 0 

IS. 8 45 

61. 5 

Carbon disulfide 

o. ooo ' 

0. 021 , 

• 


Ether 

. 0. 188 
1 

0. 418 | 




*&> per <*m by yoIijiin*. 


At 100° C., water dissolves telryl to the extent of 0.184 grams per 100 
grams. Reflecting its sparing solubility in water, tetryl has been 
found to be hygroscopic to the extent of only 0.04 percent when 
exposed to an atmosphere of 90 percent relative humidity at 30° C. 
Tetryl is very soluble in acetone. Benzene holds more tetryl in 
solution if a solution with solid tetryl present Is eooled to a given 
temperature than if a mixture of benzene and excess letryl is heated to 
and maintained at that temperature. At 15°, 25°, 35°^ 45°, and 55° 
C., tetryl has respective supersolubility values of 10.2, 12.2, 14.9, 
18.25, and 22.5 and subsolubility values of only 3.9, 5.5, 7.4, 9.7, and 
13.25 grams per 100 grams of benzene. The spent acid from the 
production of tetryl contains only 0.3 percent of tetryl. 

e. Tetryl reacts with an aqueous alkali to yield the metallic picrate 
and nitrite and met h} r la mine. Although prolonged boiling with 
dilute sulfuric acid has no effect, if a solution of tetryl in cold concen- 
trated sulfuric is allowed to stand at ordinary temperature nitric acid 
and 2,4,0-trinitroplicnylmethvlamine or A^-methyl picramide 
CJMNO^m.CHs, are formed. If this reaction is carried out in a 
nitrometer in the presence of mercury, t he nitric acid is reduced to 
nitric oxide and this can be measured. In benzene solution at 
ordinary temperatures, fetrvl reacts with aniline to form 2,4,6- 
trinitrodiphenylamine and methylnitramme {CH<.NH.N0 2 ). Aqueous 
sodium sulfide decompose tetryl completely into nonexplosive, 
water-soluble products. Tetryl is decomposed into nonexplosive 
products by aqueous sodium sulfite, but the reaction is relatively slow 
unless the solution is heated to 80-90° C. 

d. Two methods have been used extensively for l lie production of 
tetryl, the raw materials for nitration being dmiethyluniline and 
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dinitrophenylmethylamine. The use of monomethylaniiine has not 
been practical, because of nonavailability of this material in a suf- 
ficiently pure form, on a large scale and at low cost. The use of 
dimethylaniline lias the disadvantage of requiring nitric acid for the 
removal of ionc methyl group by oxidation: 


1 0 IINO, -> (NO^a&MNOd CII 3 + 6M + C0 2 + m/J 


With the development of metbylamine as a cheap commercial bulk 
chemical, there became practicable the production of dinitrophenyl- 
metbylamirce from 2,4- or 2 ,6-di ni trociiiorobenzene : 


qh 3 (No 2 )«oi + cH z NH 2 ->m v T r 6 u 3 (no&nh. ch 3 


This can be nitrated to tetryl with relative ease and no use of nitric 
acid for oxidation. A considerable amount of tetryl was prepared by 
this method in the United Stales during World War II. 

e. In the: manufacture of tetryl from dimethylaniline, one part of 
this is dissolved in 14.4 parts of 96-99 percent sulfuric acid at 2(3-30° 
C. Dimetltylaniline sulfate is formed. The solution of this is added 
in a nitrates* to 9.2 parts of mixed acid at 68-72° C. which contains 
66.7 percent nitric acid and 15.8 percent sulfuric acid. If the water 
content of the mixed acid is loo high, there are formed benzene- 
insoluble impurities, which are benzidine derivatives. During the 
nitration there is formed some 2,3,4,6-tetramtrophenyImethylnitra- 
mine (m-niitrotctryl), which is relatively unstable but can be hydro- 
lyzed to 2,4,6-trinilro -li-hydroxypheuvhnctliylnitramine. This is 
soluble in water and readily removed. Tetryl must be purified care- 
fully, so as to remove any tetranitrocompound and occluded acidity, 
because of the adverse effects of these on 1 lie s( ability of tetryl. Most 
of the acidity is removed by washing with cold water. Treatment 
with boiling water decomposes any tetranitrocompound present and 
removes its product. If benzene is used as a solvent, the crude 
tetrvl is dissolved in this, I lie solution is washed wit h water to remove 
residual acidity, and filtered to remove insoluble matter. The 
tetryl is deposited on cooling the solution, separated, and dried. If 
acetone is used as the solvent, the solution is neutralized and filtered 
and the tetryl is precipitated by mixing the solution with water. The 
acetone purification process is carried out on a continuous basis, 
while I hat with benzene is operated as a batch process. 

j. Two irrades of material are covered by the specification for 
military tetrvl, grade T being material intended for use in detonators, 
boosters, projectiles, and the manufacture of lelrytol. Grade I 
comprises two classes, with respect to granulation. Grade II tetryl is 
that reclaimed from manufacturing and loading operations and in- 
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tended for use in the manufacture of telrvtol only. The requirements 
for the two grades are as follows: 

Color: Light yellow. 

Moisture and volatiles: Maximum, 0.10 peicent. 

Insoluble matter: Maximum, 0.10 percent insoluble in benzene. 

Grit: None. 

Acidity: Maximum, 0.02 percent as sulfuric acid. 

Melting point: Minimum, 128.8° C.; maximum, 129.5° C. 

Grade I Grade 11 

Class A Class B 

Bull density: Minimum, g/ial_ . 0.82 

Granulation i Percent through sieve: 

No. 8, minimum jqq 

No. 12, minimum jqq 

No. 1G, minimum yrj 

No. 3l) T minimum jqq 

No. 40, maximum iq 

No. GO, maximum 25 2 

No. 100 r maximum 5 

The requirement, with respect to benzene-insoluble matter, is included 
because of the marked desensitizing effect of such impurities. Free- 
dom from grit is required, because of its effect on sensitivity to impact 
and friction. J he bulk density and granulation requirements for 
grade I, class b tetryl are intended to control the ease with which it 
pours and consequent action in automatic pelleting machines. 

g. Prior to World War II and the standardization of PETN and 
BDX, tetryl was the most sensitive of the standard noninitiating 
high explosives. Its greater sensitivity than TNT is reflected by the 
results of impact and rifle bullet impact tests of the two explosives. 
That this greater sensitivity does not. represent undue hazard in 
handling is shown by the failure of tetryl to explode in the pendulum 
friction test. The explosion temperature l est value of tetryl (257° C ) 
also is much lower than that of TNT. The greater sensitivity of 
tetryl to init iation was one of the main reasons for its substitution for 
pressed TNT as a booster explosive. This greater sensitivity is 
shown by minimum detonating charge values of 0.10 gram lead 
azide and 0.19 gram mercury fulminate as determined by the sand 
test. It is to be noted that the sensitivity of tetryl to shock and 
friction has not been found sufficient to necessitate packing in a wet 
condition, as is required for PETN and RDX. 

test <Jatil indicate tetryl to 1* 113 percent as brisant as 
1NT, and the rates of detonation of the two explosives bear out this 
relationship. However, fragmentation tests indicate tetryl to be 
121 percent as brisant as 7'NT. The greater brisauee and rate of 
detonation of tetryl explain its greater boostering action The 
standardization of PETN and RDX during World War II has caused 
some replacement of tetryl by these two even more brisant explosives. 


156 


Trauzl lead block and ballistic pendulum tests indicate tetryl to be 
128 percent as powerful as TNT, and the heat of explosion of tetryl 
is 121 percent that, of TNT. Tetryl is approximately 90 percent 
as brisant and 82 percent as powerful as PETN or RDX. 

i. Vacuum stability tests show tetryl to be less stable than TNT 
and RDX but to be of excellent stability at. temperatures of 120° C. 
or less. It has been found to withstand storage at 100° C. for KM) 
hours, at 75° C. for 6 months, at 05° C. for 12 months, and at maga- 
zine temperatures for 20 years without significant impairment of its 
stability. Because its melting point is so much higher than any 
probable storage temperature and the almost complete absence of 
impurities that, could form eutectic mixtures having low melting 
points, the physical deterioration of tetryl is not a problem. Tetryl 
frequently is used with 1 to 2 percent of a binding agent or lubricant, 
such as graphite, stearic acid, or magnesium stearate; and it has been 
found to he compatible with such materials as well as black powder. 
In the presence of 0.5 percent of moisture, tetryl has some corrosion 
effect on steel and zinc but lias little or no effec t on copper, tin, lead, 
nickel, cadmium, aluminum, brass, or bronze. It does not affect 
coatings of aeidproof black paint, baked oil, NRC compound, or 
shellac, even when stored at 50° C. 

j. Tetryl has a strong coloring action on the human skin and can 
cause a dermatitis. The use of a cold cream containing 10 percent 
sodium perborate has been found to minimize these effects. Inhala- 
tion of tetryl dust has recognized toxic effects; and the suggested 
permissible maximum concentration of the dust in air is 1.5 milligrams 
per cubic meter. 

51 . Picric Acid 

a . 2,4 ,0-7'rinit rophenol, picric acid, melinite, lyddite, perlite, or 
shimose is a compound having the structure 


OH 



NOz 

RA PD 2I2B44 

and a molecular weight of 229.108. As manufactured, it consists of 
light to bright yellow crystals, which exist in two polymorphic forms 
(figs. 49 and 50). When crystallized from ethanol, it forms yellow, 
orthorhombic, flattened rods. First prepared in 1771 by WoulfF, it 
was first used as a vcllow dvc. It was not until 1885 that the French 
began using it as a military explosive in shell, and other nations soon 
adopted it. Picric acid was the first high explosive used for melt- 
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loading mill its use whs nearly general until i ho beginning of (his 
century, when it was gradually replaced by TNT. The high tem- 
perature required for its melt-load iug (120° C.) mid the occurrence 
of disastrous explosions attributed to the formation of sensitive 
metallic compounds rendered its replacement desirable. Picric acid i.« 
used in the I'nited States chiefly for the manufacture of explosive “D." 



PAPO 167399 


figure 4 & . Picric acid crystal*, 1 'A x. 

b. Pure picric acid melts at 122.5° C. without decomposition and 
its freezing point can be used for determination of its purity. Material 
used for military purposes may solidify at as low a temperature as 
120.0° C., because of the presence of isomers and dinitroplicnol. 
Picric acid has vapor pressure values of 2 and 50 mm at 105° and 255° 
C., respectively. At ordinary iempcratures.it is of very low volatility 
but. because of its bitter laslr and dustiness, it has tin* sensory 
effects of a volatile material. With a crystal density of 1.705 and a 
density of 1.71 when cast, picric acid can he compressed to density 
values of 1.49. 1.57, 1.04, and 1.725, when subjected to pressures of 
5,000, 10,000, 20,000. and 100.000 psi, respectively. At 0°, 50°, 
100°, and 120° C. picric acid has specific heat values of 0.234, 0.274, 
0.318, and 0.337 calorie per gram per degree Centigrade, n •sportively, 
and its heal of fusion is 20.4 calories per grant. The heat of combustion 
of picric acid at constant pressure is 2,071.5 calories per gram, and 
from this is derived a heat of formation value of 50.83 kilogram- 
calories per mole. Although soluble in water to the extent of 1.4 
and 0.8 grams per 100 grams at 20° and 100° C., respectively, picric 
acid is hygroscopic to the extent of only 0.04 percent, when exposed 
to an atmosphere of 90 percent relative humidity at 30° (\ Picric 
acid is easily soluble in benzene, sulfuric acid, or nitric acid, but is 
soluble in ether and ethanol at 20° C’. to the extent of only 2.U and 
6.2 grams, respectively, per 100 grams of solvent. 

c. Being a phenolic derivative, picric* acid is chemically active, 
although less so than phenol. It decomposes carbonates and reacts 
with hydroxides to form picratcs: 

< M(\O>) 3 ()H+N„01I II 2 n r ( JUXO^OXa 



figure 50. Picric arid rryxluU, 25 X. 

It may be titrated with bases by the use of sodium alizarinsulfonatc 
as an indicator. Addition of a solution of copper ammonium sulfate 
to an aqueous solution containing as little ns 0.01 percent of picric 

I acid results in the formation of a green precipitate. Picric acid 
forms compounds with amines and even aromatic hydrocarbons, 
such us naphthalene. Solutions of acridine, cinchonine, ami nitron 
in ethanol yield precipitates with picric acid. Aqueous solutions of 
neutral load acetate and picric acid yield no precipitate, hut if the 
acetate is basic or ammoniucal. a bright yellow precipitate of lead 
picrate is firmed. This is more sensitive to impact than mercury 
fulminate although less sensitive to friction. The picratcs of lead 
and zinc can be formed by the contact of molten picric acid with the 

I inctal and can initiate detonation of the pieric acid. Other metallic 
picratcs an. readily formed and generally contain water of erystalli- 
zal ion. When dehydrated, these picrates are more sensitive to impact ; 
but limy an* not as sensitive as lead picrate. The picratcs of iron, 
nickel, zinc, copper, etc., have been considered dangerously sensitive 
ami their formation has been advanced to explain accidental explosions 
of picric aci 3. As dry picric acid has lit tic if any effect on the ordinary 
metals and the hydrated picrates must be healed to <S() J to 150' C. 
to undergo dehydration, their importance — except in the case of 
lead picrutj- probably is not as great os it was previously considered 
to be. Anhydrous ferric picrate is ns sensitive as PF. I N and nickel 
picrate is slightly more sensitive, but the anhydrous picratcs of cad- 
mium. zinc, and copper are nearly as insensitive as TXT. The 
anhydrous picratcs of sodium and potassium urc less sensitive 
than TXT. 
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d. Because of the violence of the reaction and consequent low yields, 
the direct nitration of phenol for the production of picric acid is not 
practicable. However, phenol and sulfuric acid react to form oti ho- 
und para-phenol sulfonic acids which can be ntirated to picric acid: 



KA PD 212645 

The nitration can be carried out in one, two, or three stages and 
various process have been used. The best yield is claimed to be 220 
parts of picric acid from 100 parts of phenol. Another process in- 
volves the conversion of dini trochlorbenzene into dinitrophenol and 
nitration of this: 


Cl OH OH 



NO* NOj NOj 


RA PD 212646 

A catalytic process for the production of picric acid from benzene also 
has been used. This involves the refluxing of one part of benzene 
with four and one-quarter parts of nitric acid of specific gravity 1.42 
in which one-twentieth part of mercuric nitrate has been dissolved. 
On distillation of the refluxed mixture with steam there are removed 
benzene, nitrobenzene, dinitrobenzene, and dinitrophenol. On filter- 
ing and cooling the residue, picric acid crystallizes out with a yield 
comparable with that obtained from benzene if it is sulfonated and 
converted to phenol, with sulfonation and nitration of this to picric 
acid. Purification of crude picric acid can be effected by washing 
with cold water and recrystallizing from hot water or benzene. 

e. But one grade of picric acid is prescribed for military use, this 
complying with the following requirements: 

Color: White to yellow. 

Solidification point: Minimum, 120.0° C. 

Moisture: Maximum, 0.20 percent. 

Acidity: Nitric acid, none. Total sulfuric acid, maximum, 0.1 
percent. 
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Insoluble matter: Maximum, 0.1 percent. 

Ash: Maximum, 0.1 percent. 

Lead: Maximum, 0.0004 percent. 

Granulation: Minimum through No. 14 sieve, 99.5 percent. 

The requirement, with respect to lead content, reflects the recognized 
hazard represented by lead pi crate and the necessity for preventing 
its formation) from impurities in raw materials or by the contact of 
picric acid with lead in equipment during manufacture. The require- 
ment that, picric acid be free of nitric acid is necessitated by the 
adverse effect of nitric acid on the stability of picric acid during 
storage. 

f. Picric acid is only slightly more sensitive than TNT, as indicated 
by impact tests, but distinctly more so as shown by the rifle bullet 
impact test. Minimum detonating charges of lead azide and mercury 
fulminate indicate picric acid to be of the same order of sensitivity to 
initiation as TNT. The explosion temperature test value of picric 
acid (322° G.) is lower than that of TNT but somewhat higher than 
that of tetryi (257° C.). The explosion temperature test values of 
the three explosives are in the reverse order to their relative sensitivity 
as shown by the rifle bullet impact test. Picric acid of satisfactory 
purity, therefore, cannot be considered unduly hazardous with respect 
to sensitivity; and the accidental explosions during its early history 
must be attributed to other causes. 

g. From their chemical compositions and structures, picric acid and 
TNT should be of the same order of brisance and power, with picric 
acid having any superiority because of its slightly better oxygen bal- 
ance. Sand test values indicate equal brisance, but the plate dent 
test shows picric acid to be slightly superior to TNT. r lhe rate of 
detonation of picric acid (7,350 meters per second) is distinctly greater 
than that of TNT, but this is reflected more by their relative power 
values than, by brisance values. Both the ballistic pendulum and 
Trauzl lead block tests show picric acid to be 103 to 109 percent as 
powerful as TXT. It is to be noted that the heat of explosion of 
picric acid is 108 percent that of TNT. 

k. Picric acid is of a high order of stability, as shown by stability 
and storage tests, it having approximately the stability of TNT. The 
values for the two explosives obtained by the 75° C. international, 
100° C. heat, and 100° and 120° C. vacuum stability tests arc essen- 
tially equal. Long term storage tests at magazine temperatures have 
shown neither to undergo measurable deterioration. 

i. Picric acid has a strong staining action on the human skin, but 
is not as toxic as some of the comparable nitrocompounds. Never- 
theless, its 43usi should not be inhaled, and frequent baths and changes 
of clothes are prescribed for workers in the production ami loading 
of picric acid. 
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52. Explosive "D" 

n. Ammonium 2,4,6-trinirmphenoIate, aimnonium picrate, or ox- 
plosivi* “D" is a colored crystalline compound haring the structure 

O.H, 

0,N NOj 

\y 

NO* 

<APO 2!2S47 

an«l a molecular weight of 240.14. It exists as yellow monoelinie 
crystals (figs. 51 and 52) representing a stable form and red rhombic 
crystals representing a metaslable form. The two forms are easily 
interconvertible and do not dilfer in explosive properties. As manu- 
factured for military use. explosi\e *‘l)” is yellow to orange in color. 
Marehand first prepared the compound in 1841 and in 1809 it was used 
by Brugere in admixture with potassium nitrate as a military propel- 
lant; but it was not until after 1900 that it was used us a detonating 
high explosive. Its insensitivity to shock makes it suitable for use in 
armor-piercing projectiles and it is used also as an ingredient of picratol 
and propellent compositions. 



F >gu n Gl. Rrplome “O" rryxtal*, I hi z. 


b. Pure explosive “D’’ melts with decomposition at 205° to 271° C. 
It lias a crystal density of 1.719. When subjected to pressures of 
5,000, 10,000, 20,000, 50,000, and 100,000 psi. it has density values of 
1.41, 1.47, 1.53, 1.59, ami 1.64 respectively. The heat of combustion 
of explosive “D ' at constant pressure is 2,745 calories per gram, from 
which is derived a heat of formation value of 95.82 kilogram-calories 
per mole. Although 100 grams of water dissolve l.l and 74.8 grams 
of explosive "D” at 20° and 101° C.. respectively, the explosive is 
non hygroscopic when exposed to humid air. It is soluble in acetone 
to the extent of 2.85 grams per 100 grams at 30° C*. At 20° and 80° C\. 
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Fig.tr • 51. Erplosi I* ••/>” rry*taL i, 25 x. 

explosive is soluble in ethanol to the extent of 0.86 and 3.75 
grams, respectively, per 100 grams and in ethyl acetate to the extent 
of 0.34 am. 0.80 gram per 100 grams, respectively. Its solution in 
ethanol is very slow and it separates from the solution onlj slowly on 
standing. Tt is practically insoluble in ether. 100 grams of octyl 
alcohol at 25° (\ dissolve less than 0.2 gram of explosive “D.” 

c. Chemically, explosive “D" is not. very reactive. Strong alkalies 
decompose it into picric acid and ammonia, and this is the basis of one 
of the methods for determining the purity of the material. When 
maintained at its melting point, it decomposes into the same products. 
At 0° ( explosive “D” absorbs an equimolecular amount of ammonia ; 
but at 26° C., this is lost by volatilization. 

d. The manufacture of explosive "D” is relatively simple. Picric 
acid is suspended in hot water, in which it is only partially soluble, and 
neutralized by the at Id it ion of gaseous or aqueous ammonia. As the 
pic-rate is 'urned, it goes into solution. The reaction is slightly exo- 
thermic:. On cooling the solution, the picrate separates out. If a 
marked excess of ammonia is used, the rod form is obtained: so care 
is taken t« avoid this and obtain the yellow form. The yellow form 
has a higl.er bulk density than the- red and can be pressed belter. 
The separated crystals arc washed with cold water to remove any free 
ammonia present and then dried. 

€. The specification for explosive ‘TV* covers one grade of material, 
represent! *g two classes with respect to granulation. Class . I material 
is intende-1 for us*- in the press-loading of shell, while class H is used 
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for the manufacture of picratol and other compositions. The require- 
ments are as follows: 

Color: Yellow to orange. 

Water-insoluble matter: Maximum, 0.10 percent. 

Ash: Maximum, 0.1 percent. 

Acidity or alkalinity: Maximum, 0.025 percent (as picric acid or 
ammonia). 

Ammoniacal nitrogen: Minimum, 5.00 percent; maximum 5.75 
percent. 

Sulfates: Maximum, 0.1 percent (calculated as sulfuric acid). 
Chloroform-soluble matter: Class A, maximum, 0.1 percent. 
Irritant contaminants: Maximum, 50 parts of chlorine per million. 

Moisture: Maximum, 0.10 percent, for Class A and 0.20 percent 
for Class B. 

Visible foreign matter: Class B, none. 

Granulation: 

Cia iht A Class B 


Percent through No. 12 sieve, minimum... 99 . 9 

Percent through No. 40 sieve, minimum. 99.5 

Percent retained on No. 70 sieve, minimum HO 

Percent retained on No. 70 sieve, maximum 20 

Percent through No. 200 sieve, maximum 5 


e si t^. . H 1 as. ji t , minimum, 0.82 gram per milliliter. 

The color requirement is intended to cover the unavoidable presence 
of a small amount or the red form of explosive “D” in admixture with 
the yellow form. The requirement, with respect to irritant contami- 
nants, represents a control of the purilv of picric acid used in manu- 
facture when Ibis is made by the diiiitrochlorbcuzeiie process. The 
chloroform-soluble matter requirement- also represents a control of the 
nature of impurities present in picric acid manufactured by a process 
other than the nitration of phenol. 

f. Explosive “D" is distinctly less sensitive to impact than TNT, 
and its slightly greater sensitivity in the rifle bullet impact test is 
attributable to the much lower temperature required for explosion 
(318 C.) than that for TNT (475° C.). The low degree of sensitivity 
of explosive <l D J to impact is paralleled by its relative insensitivity 
to initiation. In the sand test, it is not detonated by either lead 
azide or mercury fulminate, a booster charge of 0.06 gram of tetryl 
being required. In this test, a minimum charge of 0.28 gram of 
diazodinitrophcnol detonates explosive “D,” but a charge of only 0.15 
gram Ls required for the detonation of TNT. Moisture has a marked 
effect on the sensitivity of explosive "D” to initiation. The presence 
of 0.5, 1.0, and 2.0 percent of moisture causes increase in the minimum 
detonating charge of tetryl to 0.09, 0.11, and 0.14 gram, respectively. 
Storage of either the yellow or ml form of explosive "D" at 50° C. 
for 3 years causes such an increase in sensitivity that it can be initi- 
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^ted by mercury fulminate alone. Subsequent storage of the yellow 
form at magazine temperatures for 2 years causes dcseusitization to 
9 uch an extern t that a boosLer charge of tetryl is required for complete 
detonation and 4 years of such storage is required for return to the 
original condition of sensitivity. Storage at 50° C. has the same 
effect on the: sensitivity of red explosive “D,” but subsequent storage 
at magazine tempera lures for 4 years merely increases the minimum 
detonating charge of mercury fulminate from 0.23 to 0.29 gram. The 
changes in sensitivity arc not accompanied by any change in brisanee 

or in color. 

<j. The briisanc© of explosive “D,” as measured by the sand test, is 
only 77 percent of that of TNT, but fragmentation tests indicate it 
to be 91 and 99 percent as brisant when pressed to density values of 
1.50 and 1.55, respectively. Although the heat of explosion of 
explosive “D” is but 86 percent that of TNT, the ballistic pendulum 
test shows it to be 98 percent as powerful as T N T. T his combi 1 lation 
of brisanee land power, almost equal to those of TNT together with 
relative insensitivity, has made explosive “D" suitable for use in 
armor-pierciing projectiles. However, the impracticability of melt- 
loading explosive “D” has led to its partial replacement by picratol, 
which was developed during World War II and can be melt-loaded. 

h. 150° C vacuum stability test data show' explosive “D” to be at 
least as stable as TNT at that high temperature. Storage at 65° C. 
for 1 vear causes no apparent deterioration. While storage at 50° C. 
for years; causes some increase in sensitivity to initiation, it causes 
no measurable impairment of stability. Tests during storage at 
magazine, temperatures over a period of 20 years have shown no 
change in the stability of explosive “D.” It is, therefore, considered 
to be of enttirelv satisfactory stability. At 100° C. it is compatible 
with TNT cor black powder, but undergoes reaction with nitroglycerin, 

nitrocellulose, PETN, or tetryl. 

i. Explosive “D” is not markedly toxic, but it, discolors theskm and 
may cause a dermatitis in some cases. Inhalation of the dust should 
be minimized and frequent baths and changes of clothes are desirable 

for those working with the material in quantity. 

7 . Potassium pieratc lias been used to a limited extent 111 pyro- 
technic ancl priming compositions. It forms rhombic crystals of 
reddish yellow or green color that have a density of 1.85. The 
crystals arc anhydrous when formed from water, in which the com- 
pound is soluble to the extent of 0.5 gram per 100 grams at 15° C. 
and 25 grams at 100 ° C. It is soluble to the extent of only 0.2 gram 
per 100 grams of ethanol at 25° C. Potassium pieratc is prepared 
by neutralizing a hot aqueous solution of j>otassiuni carbonate with 
a hot solution of pierie acid and filtering off the crystals that separate 
when the solution cools. Its impact test value of 21 inches shows it 
to be loss sensitive than explosive “D' ? , and it has a higher explosion 
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temperature test value (370° C.) tlinn that of explosive "D." It is 
of ihe same order of stability as explosive “D," but is less brisnnt. 
When subjected t« contact with a llame, potassium picrate deflagrates 
with a loud report. Mixtures of potassium picrate with oxidizing 
agents, such as potassium nitrate, only bum when ignited, hut are 
sensitive to shock. 

53. Nitroguanidine 

n. Nitroguanidine or picrite, a guauyl nitramine, is a colorless 
crystalline. eoinpoun<l having the structure 

AT/, 

I 

0:NH 

Nff.NOi 

and a molecular weight of 104.074. It exists in two forms having the 
same melting point. That usually produced during manufacture is 
the a-form. which consists of long, thin, Hat needles that are tough 
and very difficult to pulverize (figs. 53 and 54). It has a double 
refraction value of 0.250. The /3-form crystallizes from water in 
clusters of small, thin, elongated plates that have a double refraction 
value of 0-185. The compound was lirst prepared by Jousselin in 



1'igurt 63. Xitroguanvhne crystal*, 1% s. 


1877, but it was not until after 1000 that it found limited use in pro- 
pollcnt compositions. During World War I, it was used by the 
(lennans as an ingredient of a bursting charge explosive. At present, 
its chief use is as an ingredient of propellent compositions, because 
the gases produced by the explosion of nitroguanidine propellants are 
less erosive than those produced by propellants of comparable force. 

b. The melting point of nitroguanidine varies somewhat with the 
rate of heating. The pure material melts with decom position at 
232 when the rate of heating is moderate, hut values from 220° 
to 250° 0. are obtainable with varying rates. Nitroguanidine has a 
crystal density of 1.715, but because of the toughness and flexibility 
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of its crystals has a density of only' 0.95 when subjected to a pressure 
of 3,000 psi The heat of combustion of nitroguanidine at constant 
pressure is ,995 calories per grain, and from this is derived a heat of 
formation '.alue of 23-58 kilogram-calories per mole. Both forms of 
nitroguanidine are soluble in water to the extent of 0.4 gram per 
100 grams it 25° and 8.25 grams at 100 c (’.; but the material is 
nonhygros-upic when excised to an atmosphere of 90 percent relative 
humidity tit 30° C. Insoluble in ether, nitroguanidine is slightly 
soluble in ethanol or aqueous potassium hydroxide. At 25° 
sulfuric ocic solutions of 15, 30, and 45 percent concentration dissolve 
nitroguaniafine, so as to form .solutions containing 0.55, 2.9. and 10.9 
grams, respectively, per 100 milliliters. 
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Figure t>\. S itrtyuanutine crystals, 10 X. 

e. Neill* :r form of nitroguanidine is converted into the other by 
recryslallurition from water, and the two forms can be separated by 
fractional .rystallization from water. The /3-form can be converted 
into the <*-form by solution in concentrated sulfuric acid and pre- 
cipitation <rith water or by decomposition of the nitrate or hydro- 
chloride fronted by ^-nitroguanidine. When a-nitroguanidine is de- 
composed by heat, some ^-nitroguanidine is formed; but the ^-com- 
pound generally is obtained by the nitration of the mixture of guani- 
dine Huifii.-f and ammonium sulfate, resulting from the hydrolysis of 
dicyandiancidc. I IN C (:NH).NHGN , by sulfuric acid. The a-form 
is obtaine*! by the reaction of guanidine and nitric acid to form the 
nitrate an*f dehydration of this to the nitrocompound. 
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(!. Nitroguanidine is chemically reactive because of a free amino 
i. roup as we 1 as a nitro group and a tendency toward dearrangement. 
With hot concentrated nitric acid, it forms a nitrate that melts at 
147° C. and, with strong hydrochloric acid, it yields a crystalline 
hydrochloride. On reduction, nilroguanidine yeilrls nitrosoguariidine, 
H 2 N.C(:NH).NII NO, and then aminoguanidine, H 2 X.C{:NH). 
NH..\H 2 . With a solution of diphcnylamine in sulfuric acid, nitro- 
guanidine gives a blue color. When it is tested with ferrous ammo- 
nium sulfate and sodium hydroxide, a fuchsine color is developed. 
When warmed with water and a large excess of ammonium carbonate, 
nitroguanidine forms guanidine carbonate. With an aqueous solu- 
tion of hydrazine it reacts to form iV-amino, AT'-nitroguamdino. 
N 2 N.HN.C(:NH).NH.N0 2 , which melts at 182° C. On being heated 
or undergoing reaction in sulfuric acid solution, nilroguanidine ap- 
pears to undergo dearra ngemen t according lo two modes: 

H,N.C( :NH).NH.N0 1 -*NC.NH 2 + H 2 N.N0 2 

Cyanamide Nitramide 

II ->N. C(:N IT) .NH.NOz-> NH 3 + NC.NH.NO, 

Ammonia Nitrocyanamide 

When decomposed by heating above its melting point, the products 
obtained from nitroguanidme are water, nitrous oxide, cyanamide, 
melamine, ammonia, cyanic acid, cyan uric acid, ammeiinc, and 
ammelidc. These are the products to be anticipated from the de- 
arranged compound. In addition, there are formed carbon dioxide, 
urea, melam, melem, melion, nitrogen, hydrocyanic arid, cyanogen, 
and paracyanogen bv the reaction and decomposition of the primary 
products of decomposition. In aqueous solution, nitroguanidme 
de arranges in both of the above modes, but this is only to a small 
degree, unless another compound is present to react with one of the 
products of dearrangement. As a result of this, nilroguanidine is 
relatively stable in aqueous solution. A saturated aqueous solution 
at 25° C. has a pll value of 5.5. After being heated at 60° C. for 
2 days, such a solution has a pH value of S.5. Tn the absence of 
ammonia ami in the presence of a primary aliphatic amine, nitro- 
guanidine reacts to form an alkylnitroguamdine as if the amine re- 
acted with nitrocyanamide present by dearra ngemen t. A solution 
of either form of nitroguanidme in concentrated sulfuric acid acts 
chemically as if the nilroguanidine had deammged into nitramide and 
cyanamide, although a-nitroguanidinc is precipitated if the solution 
is poured into water. When such a solution is warmed, nitrous oxide 
and a little nitrogen are evolved at first from the dehydration of 
nitramide. Later am! more slowly, there is liberated carbon dioxide 
resulting from the hydrolysis of cyanamide. After standing for some 
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time, a sulfuric acid solution of nilroguanidine no longer gives a 
precipitate of nitroguanidine when diluted with water. Although a 
freshly prepaml solution contains no nitric acid, this is formed by the 
hydration of nitramide, if there is present a material that, can react 
with nitric acid. Consequently, nitroguanidine splits off the nitro 
group quantitatively and the purity of the material can be determined 
by the nitrometer method. 

e. Nitroguanidine is manufactured by reacting guanidine and nitric 
acid or dicviuuli amide and ammonium nitrate to form guanidine 
nitrate and dehydrating this by means of sulfuric acid. 

H 2 N.C( :NH) .NH* -f HNO z ^ILN.C{:NH) .A TH,.HN(h 
H 3 N.C{ :NH) NU.CN+ NHJIO t -+H 2 N. C{ :NII) .NIIJINC^ 
NC.NfJy 

E 2 N.C{ :NH) .NHi.HNO^IhO + H 2 N.C(:NH) M/.N0 2 

As the guanidine or dievandiamide can be produced from the raw 
materials eoke, limestone, atmospheric nitrogen, and water, the 
production of nit roguank line does not involve the use of special 
natural resources. However, a very large amount of electrical energy 
is required for the production of dievandiamide or guanidine. The 
dehydration of guanidine nitrate to nitroguanidine is effected by 
adding 1 pari of the nitrate to 2.3 parts by weight of sulfuric acid (95 
percent), so that the temperature does not rise above 10° C. As soon 
as all the nitrate lias been dissolved, the milky solution is poured into 
seven and one-liulf parts of ice and water. The mixture is kept ice- 
cold until precipitation is complete, when the nitroguanidine is 
caught on a filter, washed with cold water, and redissolved in 10 
parts of boiling water. The nitroguanidine re crystallizes when the 
solution cools. The yield is approximately 90 percent of the 
theoretical. 

f. The specification For military nitroguanidine covers but one grade 
of material, comprising two classes with respect to granulation. The 
requirements with which the explosive must comply are as follows: 

Color: White. 

Form: Crystalline powder. 

Purity: Minimum, 99.5 percent. 

Ash content : Maximum, 0.30 percent. 

Total volatiles: Maximum, 0.25 percent. 

Water-insoluble impurities: Maximum, 0.20 percent. 

Whiter-soluble impurities: Maximum, 1.00 percent. 

Acidity: Maximum, 0.06 percent, calculated as sulfuric acid. 

Chlorides: Maximum. 0.02 percent, calculated as sodium chloride. 

Sulfates: Maximum, 0.20 percent, calculated as sodium sulfate. 

pH of water extract: Minimum, 4.5; maximum, 7.0. 
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Specific surface: 

Class A . Minimum, 12,000 square centimeters per cubic 

centimeter. 

Maximum, 18,000 square centimeters per cubic 
centimeter. 

Class />. Minimum, 18,001 square centimeters per cubic 

centimeter, 

As nitroguanidine is not dissolved when used in Ihe manufacture of 
propellent compositions, but must be dispersed in the oilier ingredients 
in the form of small particles, the specific surface (granulation) re- 
quirements assure the degrees of fineness necessary when so used. 
The other requirements assure control of a variety of impurities that 
might- accumulate during the manufacture of calcium cyanaruide. 
cyanamide, dicyandiamidc, or guanidine. 

g. Although the two impact tests give inconsistent values for nitro- 
guanidine, the preponderance of the evidence is that this explosive is 
considerably less sensitive than TNT to impact as well as friction and 
initiation. Nit noguanidine is not exploded in the rifle bullet impact 
test, in spite of its relatively low explosion temperature test value 
(275° C.). In the sand test, it cannot be detonated by lead azide or 
mercury fulminate, a minimum charge of 0.10±0.05 gram of tetryl 
being required and the sensitivity to initiation varying with the 
crystal size. Larger quantities can be detonated by a blasting cap 
containing 1.5 grams of mercury fulminate. Nitroguanidine, there- 
fore, may be classified as one of the least sensitive of the military 
explosives. 

h. Xilnogunnidme is 77 percent as brisant as TNT, as judged by the 
sand test, although at. a density of 1 .55, it has a higher rate of detona- 
tion (7,650 meters per second) than does TNT at the same density 
(6,900 meters per second). Although a ballistic pendulum test has 
indicated nitroguanidine to be 104 percent as powerful as TNT, this 
probably is incorrect, since the Trauzl lead block test value and the 
heat of explosion of nitroguanidine are only 78 percent of the cor- 
responding values for TNT. The relatively small heat of explosion of 
nitroguanidine explains its cooling effect, when present in propellent 
compositions. 

i. Nitroguanidine begins to undergo decomposition at a higher 
temperature (232° C.) than does TNT (180° to 200° C.), and vacuum 
stability tests at 120° C. show the two to be of the same order of 

are essentially nonhydroseopic and very slightly 
soluble in water, the impairment of stability by moisture is not a 
practical problem. Propellent compositions containing nitroguanidine 
have been found to be of a high order of stability; and it appears that 

the nitroguanidine acts to some extent as a stabilizer, since such 

* 

compositions generally do not liberate red fumes when subjected to 
the 65.5° C. surveillance test. 
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54. Haleite 

a. Ethylcncdimlramine, N,N'-dini trocthylenediamine, haleite, or 
EDNA is a white crystalline compound (figs. 55 and 56) having the 
gtructu re 

CHf.NH.XOt 

CHs.XIl.XO' 

a nd a molecular weight of 150.10. It forms orthorhombic crystals 
that have refractive index values of a— 1 .427, jS— 1.686 and y— 1 .730. 
The compound was first described in 1887 by Fran chi rnont and 
Klobbie, but it was not until 1935 that its value as an explosive was 
recognized. During World War II it was standardized as a military 
explosive and named haleite, in recognition of its development by the 
late G. C. Hale. It has been found suitable for use as a bursting 
charge explosive and as an ingredient of the binary explosive ednatol. 
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Figure 33. Haleite crystab, 1 jt. 

b. Haleite melts with decomposition at 177.3° C. It has a crystal 
density varying from 1.66 to 1.77, depending upon the solvent from 
which it is crystallized. When subjected to pressures of 5,000, 
10,000, 20,000, 30,000, and 40,000 psi, it has density values or 1.30, 
1.40, 1.51, 1.55, and 1.58, respectively. The solubility of haleite in 
water at 10°, 20°, 50°, 75°, and 95° C. is 0.10, 0.25, 1.25, 5.0, and 
16.4 grams, respectively, per KM) grams of solvent; but it is hygro- 
scopic to the extent of only 0.01 percent when exposed to an atmos- 
phere of 90 percent relative humidity at 30° C. In 95 percent, ethanol 
at 10°, 20°, 50°, 75°, and 78.5° C., haleite is soluble to the extent of 
0.55, 1.00, 3.50, 10.07, and 11.5 grams, respectively, per 100 grams of 
solvent. It is soluble also in methanol. Tn actetonc at 20° C,, 
haleite is soluble to the extent of 8.2 grams per 100 grams; but it is 
insoluble in ether. It is soluble also in nit ro-met bane, nitrobenzene, 
and dioxane, which can be used to recrystallize the explosive. The 
heat of combustion of haleite aL constant pressure is 2,490 calories 
per gram, from which is derived a heat of formation value of 20.13 
kilogram-calories per mole. 
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t\ The two amino hydrogen atoms of haleite are chemically active 
and can be replaced by a metal, when the explosive is dissolved in an 
aqueous solution of the metallic hydroxide. The potassium com- 
pound forms needles, when crystallized from ethanol. The ammon- 
ium compound is soluble in water, insoluble in ethanol, and so in- 
sensitive to initiation as to require a booster charge of tetjyl in the 
sand test. The lead compound is formed by adding lead nitrate to 
an aqueous solution of the sodium compound. It is insoluble in 
water, as sensitive to impact as PETX, and can be initiated to deto- 
nation by mercury fulminate. With formaldehyde and ammonia, 
li alette reacts to form an explosive compound that is almost as brisant 
as haleite, slightly more sensitive to impact, but somewhat less stable 
An aqueous solution of haleite has a slightly acid reaction and pro- 
longed boding of this causes some decomposition. When haleite is 
refluxed with dilute sulfuric acid, it is decomposed into nitrous oxide, 
acetaldehyde, and ethylene glycol. When heated at temperatures 
p-eater than 75° C., haleite undergoes decomposition at rates inereas- 
ing logarithmically with increase in temperature. At 100 ° and 150° 
C\, heating for o,S00 and 3 hours, respectively, is necessary to cause 
1 percent decomposition of the explosive. Diy haleite does not 
cause the corrosion of aluminum, brass, copper, mild steel, stainless 
steel, cadmium, uickel, or zinc; but. in the presence of 0.5 percent 

moisture, all of these except aluminum and stainless steel are corroded 
to a considerable extent by haleite. 

(1. I he manufacture of haleite involves the preparation of etii- 
yleneurea (2-inndazoIidone) and nil rating this to the dinit rocompound, 
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which is then hydrolyzed to form haleite. Dinitroethyleneurea can 
fre prepared by each of the following reactions: 


ChL, NHj 


CHi-NHj 

ETHYLENE 

DIAMINE 


c 2 h 5 -q 


c 2 h^o 


\ 

/ 


DliTHYL 

CARBONATE 


Q,H 5 OH + 


ETHANOL 


CH^-NH 




\ 

/ 


avNH z 


CH r NH 


CHo-NHs 


CO, 

CARBON 

DIOXIDE 


H 2 0 


CO 


CH 2 -NH- 
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The cthyleneurca can be nitrated with either concentrated nitric 
add or a mixture of nitric and sulfuric acids. In the latter case, 10 
parts of mixed acid conlaining 74.0 percent sulfuric acid, 15.4 percent 
nitric acid, and 10.6 percent water is cooled to 10° C. or less and agi- 
tated. One part of ethylene urea is added at such a rate that the tem- 
perature docs not rise above 10° C. After the last portion of the 
ethyleneurea has been added, Stirling is continued for 5 minutes. A 
variation of this process is to dissolve 1 pari of ethyleneurea in 7.5 
parts of 95 percent sulfuric add, while maintaining the temperature 
at 20° C. This solution then is added slowly, while maintaining the 
temperat ure of the mixture at 0° C. or less, to 3.33 parts oi a mixed 
acid conlaining 15.8 percent sulfuric acid, 06.7 percent nitric acid, and 
17.5 percent water. When addition is complete, the temperature is 
increased to 10° C. and maintained at that value for 2 hours. The 
dinitroethyleneurea is caught on a filter and washed with ice water 
until the washings aTe almost neutral. Additional dinit roethyleneu - 
rca is recovered by drowning the spent acid in ice-water, a total yield 
of 97 percent of the theoretical yield being obtainable. The dinitro- 
ethyleneurea is suspended in 7 times its weight of water and this is 
boiled until the evolution of carbon dioxide ceases. The reaction is: 


CHj-NINOjI 


\ 


ch 2 -nh-no 2 


ch 2 -n<no 2 i 


CO 4- h 2 o 


C0 2 + 


CH 2 -NH-N0 2 
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Haleite separates as shining crystals when the solution is cooled to 
room temperature. This is caught on a filler, washed with cold water, 
and dried The total yield of haleite from ethyleneurea is approx- 
imately 92 percent of the theoretical. 
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r. One grade of haleite is specified for military purposes. This com- 
plies with the following requirements: 

Color: White to buff. 

Moisture: Maximum, 0.10 percent. 

Melting point: Minimum, 171.0° C. 

Purity: Minimum. 99.0 percent. 

Water — insoluble, matter: Maximum, 0.10 percent 
Grit: None. 

120° C. vamum stability test: Maximum, 5.0 milliliters of gas 


in 40 hours. 

Granulation: 

Itretnr 

Through No. 10 sieve, minimum . _ jqo 

Through No. 100 sieve, maximum. . 20 


Pumv is determined l.y reacting a weighed sample of huleite with an 
excess of standardize.! sodium hydroxide solution and determining 
the excess of hydroxide by titration with standardized acid, using 
phenolphthalein us the indicator. 

j. Impact tests show haleite to be less sensitive than tetryl and 
rnore sensitive than TNT, but the rifle bullet impact tost in. lira tee it 
to be less sensitive than TXT, in spite of its very low explosion tem- 
perature test value (190° C\). It is almost as sensitive to initiation 
as tetryl, as judged by its minimum detonating charge of lead azide 
or mercury fulminate. Haleite therefore has an unusual combination 
of m ail vity chara^emths that, in conjunction with other proper- 
ties, renders it particularly applicable for special purposes. 

//. The brisnnee of haleite as measured by the sand test is almost 
equal to that of tetryl, but it i> about 12 percent more brisant than 
tetryl. as indicated by fragmentation tests. The rate of detonation 
of haleite is greater than that of tetryl at the same densitv (7,750 ami 
7.340 meters per second at a density or 1 .55). The ballistic pendulum 
lest indicates haleite to be 106 percent as powerful as tetryl, but the 
Trau/l lead block test indicates it to be only 95 percent as powerful 
as tetryl. The beat of explosion of haleite is 114 percent that ol 
reiryl and it liberates 119 percent as much gas, so the superiority of 
haleite from this viewpoint is conclusive. 

A. As indicated by vacuum stability tests, haleite is very slightly 
less stable than tetryl at 100° and 120° C. This slight difference is 
shown also by 100° C. heat and 75° ('. international tests, but this 
may be due. in part to the greater volatility of haleite. Tests have 
shown it to lie volatilized at the rate of 0.05 percent per hour when 
heated at 100° C. in an open dish. Storage tests have shown drv 
haleite to be of unimpaired stability after storage at 05° C. for 5 months 
or at 50° G. for 30 months. It therefore is considered to be of satis- 
factory stability at the temperatures to which it may la* subjected 
during handling and stomge. 
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i. II alette is not particularly toxic, but inhalation of its dust should 
be avoided and frequent baths and changes of clothes are recommended 
for workers handling the explosive in quantity. 

55. RDX 

a. Cyclotrimethyl cnelrinilraminc, hexahydro-1, 3. 5-triuitro-5- 
triazine, RDX, cyelonite, hexogen, or T4 is a compound having the 
structure 


/ 


“V 


N-NOj 


RAPP 212850 

and a molecular weight of 222.126 that forms colorless orthorhombic 
crystals (figs. 57 am! 5X). It was first prepared by Henning in 1S90, 
but it was not until 1920 that von Ilerz discovered its value as an 
explosive. Subsequent development of the formaldehyde and am- 
monia industries was required for the cheap production of RDX, ami 
it was not until World War II that it was used on a large scale. It 
then was used by all the major participants, the Germans calling it 
hexogen and the Italians Tt. It has found extensive use as a base 
charge for detonators ami. in admixture with ot her materials, as an 

I explosive for shell and bombs. 

6. Pure RDX melts at 204.1° C. and has a crystal density of 1.816. 
When subjected to pressures of 5,000. 10,000, 20.000, 30,000, and 
50,000 psi, it has density values of 1.52, 1.60. 1.08, 1.70, and 1.72, 
respectively. It has a scratch hardness of 2 to 3 on the Mohs’ scale 
and so is intermediate between talc and gypsum. At 20° C., it has a 
specific heat of 0.30 calorie per grain per degree ( entigmde. The heat 
of combustion of RDX at constant pressure is 2,307.2 calories per gram, 



RAPD 167407 


Figure 67. RDX cr**taln, /», x. 
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Figure 68. RDX crynlaU, So x. 


from which is derived a heat of formation value of —24.17 kilogram- 
calories i»er mole. RDX is soluble in water to the extent of only 
0.0°7« ft ruin at 25° C. and O.lfitt gram at 06 ° C. per 100 grams of 
solvent. The pure compound is non hygroscopic at 90 percent relative 
humidity and 30° (’. The solubility of the explosive in other solvents 
is given in tabic XXXIV. 

Table XX X 1 1 '. Solubility of R DX 

Sofciliflity in grams per IDO eram* or—lvcnt at- 
30 » | SO 70 | *7 

12. 8 

*2. 7 | ’ 23 

1-5 - - 12.1 

3 12 

tit) 

0. 733 

I 0. 370 


0.113 0.300 

0. 085 0. 210 

0.005 0.015 


0. 7 
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Acetone 7. 4 

1 ' 'lohexanoae . .. 

N it robe n zene 

Mesityl oxide j... 

Methyl acetate 2 05 

Methanol.... 0.235 

Kthanol | 0. 105 

i;,h ^ ! 0. 055 

Benwne 0.045 

Toluene 0. 020 

C'arlN>n tetrachloride 0. 0 

Carbon disulfide... . 0. 0 

Chloroform 0 008 

Chlorbenzene 0 33 







KDX is readil\ soluble in hot aniline or phenol and dissolves in warm 
1 concentrated nitric acid, but separatee only partially when the arid 
solution > s cooled. It dissolves very slowly in cold concentrated 
I sulfuric arid. 

r. RDX is hydrolyzed slowly when treated with boiling, dilute 
sulfuric acid or sodium hydroxide: 

I C'JI'NM 6H,0SNll t \ SHCHO -3I1XO, 

In sulfuric arid solution the nitric acid oxidizes the formaldehyde to 
formic acid and itself is reduced to nitrous acid. RDX dissolved in 
cold concentrated sulfuric arid decomjx>ses when the solution is allowed 
to stand. On reduction of RDX dissolved in hot phenol, it yields 
met by land ne, nitrous acid, and hydrocyanic acid; but ir solid RDX 
i> suspended in 80 percent ethanol and reduced, both hydrolysis and 
reduction take place and the products are methylaminc, nitrous 
acid, ammonia, and formaldehyde. With diphenylamine and sul- 
furie arid. KDX gives a strong blue color. RDX does not cause the 
corrosion of aluminum or st ainless steel, even in the presence of mois- 
ture. Dry RDX causes no corrosion and RDX with 0.5 percent 
moisture causes only very slight corrosion of nickel or zinc. Dry or 
damp RDX causes only slight or very slight corrosion of copper, 
brass, mild steel, or cadmium. 

d. KDX is manufactured by the nitration of hexamethylenetetra- 
mine, which is obtained by the reaction of formaldehyde and ammonia. 
The nitration reaction is: 


+■ 3HNO, 


RAS'D 212651 

The formaldehyde liberated by the reaction is oxidized by the nitric 
arid, if the mixture is allowed to stand or is warmed. It remains in 
the spent acid after drowning and causes difficulty in recovery of 
nitric acid from the spent arid. As a result of the nipt ure and degrada- 
tion of the hexamet hylene-tct nunine molecule, there are formed 
numerous aliphatic and cyclic nitrocompounds that are present in 
crude KDX. The most important of these is HMX or cyclotetra- 
■ mcthylenetetramtraimne, 
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CH 
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H,C 
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no 2 


which melts at 276-7° C. When nitration is carried out with nitric 
acid alone, IIMX is formed in relatively small amount; but when 
nitration is carried out in the presence of acetic anhydride and am- 
monium nitrate, the product contains approximately 10 percent of 
ITAIX. When nitric acid alone is used, a yield of 68 percent of the 
theoretical is obtained. One part by weight of hexamethylenetetra- 
mine is added slowly to 1 1 parts of 100 percent nitric acid, the tempera- 
ture of which is maintained at 30° C. or less while being stirred 
vigorously. After being cooled to 0° C., the mixture is st irred for 20 
minutes more ami then drowned in ice water. The crude RDX is 
caught on a filter anti washed with water to remove most of the acid. 
Removal of all but a trace of arid is important and purification is 
accomplished by grinding the wet material and subjecting it to 
treatments with boiling water or by reerystallizaiion from cyclo- 
hexanone or acetone. 

e. Two t ypes of RDX are used for military purposes, each of these 
comprising two classes, with respect to granulation. Type A RDX 
is made by the nitric acid process, while type B material is made by 
the acetic anhydride process. Classes A and B RDX are used for the 
manufacture of composition B. The requirements for the two types 
and classes are as follows; 

Color: White. 

Total acetone insoluble: Maximum, 0.05 percent. 

Inorganic insoluble matter: Maximum, 0.03 percent. 

Grit: Retained on No. 40 sieve, none. Retained on No. 60 sieve, 
maximum, 5 particles per 50 grams. 

Melting point: Type A.— Minimum, 200° C. 

Type B. — Minimum, 190° C. 

Acidity: Type A . — -Maximum, 0.05 percent, as nitric acid. 

Type B. — Maximum, 0.02 percent as acetic acid. 

Granulation: 


Through sirre A r o. 

20 Minimum 

35 Minimum 

50 Minim tan 

t00 Minimum 

200 — Minimum. 

200_ . Maximum 


Ciaas A, percent Clusx Tt. percent 

10U 100 


07 

50 
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/. Impact tests show RDX to be of the same order of sensitivity as 
tetryl, but pendulum friction and rifle bullet impact tests indicate 
RDX to be definitely more sensitive than tetryl. The two explosives 
have essentially the same explosion temperature test value. They 
are equally sensitive to initiation by mercury fulminate in the sand 
test, but. RDX is more sensitive than tetryl to initiation by lead 
azide. Comparative impact tests have shown the two types of RDX 
to be equally sensitive to impact, friction, heat, and initiation. This 
is due to the fact that the sensitivity characteristics of IIMX, the 
chief impurity in type B RDX, arc very similar to those of RDX. 
Temperature has a marked effect oil the sensitivity of RDX. Impact 
tests of a sample of type A RDX at 20°, S8°, and 105° C. gave values 
of 9, 8, and 5 inches, respectively. RDX is much less sensitive to an 
electric spark than tetryl, TNT, or PETN. In the presence of more 
than 14 percent moisture, it cannot, be detonated by a No. 6 electric 
blasting cap. 

g. Allhough sand test values indicate RDX to be slightly less 
brisant than PETN, fragmentation and plate dent tests indicate the 
reverse. The two explosives have essentially the same rate of detona- 
tion. Ballistic pendulum and Trauzl lead block tests show RDX and 
PETN to have the same explosive power and be 115 to 132 percent 
as powerful as tetryl. The heat of explosion value of RDX is 116 
percent, that of PETN, and it may be concluded that RDX is the 
second most powerful standard military explosive, nitroglycerin being 
the most powerful. 

k. At temperatures of 100° to 150° C., the stability oT RDX is 
slightly less than that of TNT, as judged by vacuum stability tests, 
but 75° C. international and 100° C. heat tests indicate that at these 
temperatures RDX is as stable as TNT. It has been found to with- 
stand storage at 85° C. for 10 months without impairment of stability 
and must be considered highly satisfactory in this respect. 

i. RDX does not appear to be markedly toxic, and the only pre- 
cautions prescribed for those working continuously with large quan- 
tities of the explosive are daily baths and changes of clothes. 

j. Cyclotetramethylenctetramtramine (IIMX), homocyclonitc or 
1 ,3,5,7-tctranitro- 1 ,3 ,5 r 7 -tetrazacyclc-oclane is formed under some 
conditions in the nitration of hexamethylenetetramine. It is present 

j- in type B RDX, but is not used alone as an explosive. It exists in 
at least four polymorphic forms. Ordinarily, the least sensitive 
j8-form is produced. The compound has a molecular weight of 296.1 7 
and forms while crystals that melt at 276—7° and have a density of 
1.87. It is practically insoluble in water and is nonhygroscopic. 
Its solubility in other solvents is comparable wilh that of RDX. At 
constant pressure, UNIX has a heat of combustion value of 2230.7 
calorics per gram. It is less susceptible than RDX to decomposition 
by sodium hydroxide solution. IIMX is of the same order of sensi- 
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t-ivity to impact and friction as RDX, but is less sensitive to initiation 
and has a much higher explosion temperature test value (337° C.) 
than that of RDX (260° C-). The sand test indicates HMX to be 
91 percent as brisant as RDX. The ballistic pendulum test shows 
the two compounds to have the same explosive power, but the Tran zl 
lead block test indicates HMX to be only 90 percent as powerful as 
RDX* HMX is even more stable than RDX as indicated by 150° C. 
vacuum stability test values of 0.6 and 3.0 milliliters of gas, re- 
spectively. The presence of the 0-form of HMX in RDX, therefore, 
does not impair significantly the sensitivity, brisance, or stability 

of RDX. 

56. Amatol 

a. During World War T, in order to conserve the limited supply of 
TNT, the British developed two compositions termed amatols. A 
mixture containing 80 parts of ammonium nitrate and 20 parts of 
TNT, termed 80-20 amatol, was manufactured by mixing molten 
TNT at 90° C. with ammonium nitrate heated to the same tempera- 
ture. The resulting mixture, resembling wet brown sugar, was loaded 
while hot into shell by means of an extrusion machine. Tliis com- 
position is essentially oxygen-balanced and has a rate of detonation 
of only 5,300 meters per second. It is less brisant but has more power 
than 1NT. Difficulties in the loading of 80—20 amatol made it 
preferable lo use a mixture of approximately equal weights of ammo- 
nium nitrate and TNT termed 50-50 amatol (fig. 59). This can be 
melt-loaded and was used extensively in shell during World War I. 
During the early part of World War II, 65-35 amatol was used in 
shell and bombs, but the rapid development of a huge supply of TNT 
removed the necessity for using ammonium nitrate instead of TNT. 
The availability of more powerful binary explosives, such as compo- 
sition B and pentolite, was an additional factor in the disuse of amatol. 
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Figure 59. Coxi 50-50 amatol, 1 "I* j\ 
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b. As ammonium nitrate is insoluble in liquid TNT, melting of 
50-50 amatol does not begin until the melting point of TNT is reached. 
Cast 50-50 amatol has a density of 1.59 to 1 .60 and a specific heat value 
of 0.383 over the range 20° to 80° C. At constant volume, 50-50 
amatol has a. heat of combustion value of 2,073 as compared with val- 
ues of 2 ,402 and l ,254 for 40-60 and 80-20 amatols, respectively . The 
solubility of amatol Is that of its ingredients. The amatols are very 
hygroscopic, as the TNT does not moist ureproof the ammonium 
nitrate. The chemical reactivity of amatol is the summation of the 
reactivities of its ingredients. In the presence of moisLure, it corrodes 
copper, brass, and bronze. 

c. . In the. manufacture of 50-50 amatol, care must be taken to msure 
proper granulation of the ammonium nitrate, if maximum density of 
the east amatol is to be assured. The ammonium nitrate is dried so 
as to contain not more than 0.25 percent moisture and is heated to 
about 90° C. before being added to an equal weight of molten TNT 
contained in a melting kettle equipped with an agiLator. After addi- 
tion of the nitrate is complete, mixing is continued for some time to 
insure uniformity and permit the temperature of the mixture to 
decrease to 80° to 85° 0. Tl is then loaded by pouring into shell or 

bombs. 

d. Impact, pendulum friction, and rifle bullet impact tests show 
50-50 amatol to be of the same order of sensitivity as TNT or slightly 
more sensitive. The explosion temperature test value of 50-50 
amatol (265* C.) is much lower than that of TNT (475° C.). In the 
sand test, il is less sensitive to initiation than TNT, requiring a mini- 
mum charge of 0.05 gram of tetryl. However, 50-50 amatol can be 
detonated by diazodinifcrophenol, and special tests have shown that 
less of this initiating agent is required to detonate cast or pressed 
50-50 amatol than is required for cast or pressed TNT, respectively. 

e. As judged by the sand test, 50-50 amatol is only 81 percent as 
brisant. as TNT. and fragmentation tests support, this relationship. 
The rate of detonation of cast 50-50 amatol is 93 percent of that of 
TNT. Because of its better oxygen balance and larger volume of 
gaseous products of explosion, 50-50 amatol lias greater power than 
TNT. Ballistic pendulum and Tramal lead block tests indicate 
amatol to have 122 to 124 percent the power of TNT, although the 
heat of explosion of amatol is only 106 percent that, of TNT. 50-50 
amatol, however, is not as satisfactory as TNT from the viewpoint of 
blast, effect. Its peak pressure and positive impulse values are only 

97 and 87 percent, respectively, those of TNT. 

/. The stability of 50-50 amatol is a little less than that of INI at 
temperatures of 100° and 120° C., as indicated by vacuum stability 
tests, there evidently being very slight reaction between TNT and 
ammonium nitrate at those temperatures. At temperatures below 
the melting point of TNT (80° to 81° C.), there is no evidence of 
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miction. After storage at 50° C. for 3 months, there is no change in 
the sensitivity, brisanee, or stability of 50-50 amatol; and main- 
additional months of such storage without effect might he anticipated. 

g. Determination of the composition of amatol can be made be 
extracting a weighted sample with benzene, drying the residue, ami 
weighing this. The weight of the residue is calculated to percentage 
of ammonium nit rate and the difference between this and 100 percent 
represents the percentage of TXT. 

57. Ammonal 

a. During World W ar I, the scarcity of TNT led to the development 
and use by foreign nations of the ammonals — compositions containing 
aluminum, ammonium nitrate, and TNT. These, were used in shell 
for their brisant action. A composition containing 22 percent am- 
monium nitrate, 11 percent flaked aluminum, and 67 percent TNT 
was 17 percent, more brisant. than 50-50 amatol and 83 percent as 
brisant as TNT. It explodes with a bright flash, and is more sensitive 
than amatol to initiation. 

b. During World War II, the plentiful supply of TXT in the United 
States rendered unnecessary the use of ammonal or amatol; and the 
development of explosives having great blast effects rather than 
brisanee led to the use of t-ri tonal by the United States and of minol 
by Great Britain. Minol is really an ammonal containing less TXT 
and more ammonium nitrate and aluminum than the formula given 
above; and consideration of this composition is given in paragraph 72e 

58. Tritonal 

a. Tritonal, a composition containing 80 percent TXT and 20 
percent flaked aluminum, was developed and standardized in the 
United States during World War II. It can be melt-loaded and is 
used in bombs for its blast effect. When cast it has a density of 1.73 
and is a silvery solid in appearance {fig. 60). 
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Figure 60. Cast 80-20 tritonal, x. 
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5. As metallic aluminum is insoluble in liquid TXT, 80 20 tritonal 
does not begin to melt until the melting point of 1NT is reached. Its 
calculated specific heat at 20° C. is 0 305 calorie per gram per degree 
Ceutrigrade, and it has a heat of combustion value of 4,315 calories 
per gram at constant pressure, as compared to 3,590 calories per 
gram for TXT. The thermal conductivity of tritonal at 0° C. is 
0 0011 calorie per second per centimeter per degree Ceutrigrade and 
therefore twice that of TNT. Tike TNT, it undergoes considerable 
expansion on melting and contraction on freezing. The solubility 
characteristics of tritonal are those ol TXT, and it is essentially 

nonhygroscopic. 

c. The chemical reactivity of tritonal is that of TXT and aluminum. 
In addition, in the presence of moisture, the TNT and aluminum 
undergo slight reaction with the evolution of gas. This is not of 
practical importance, because of the very slight hygroscopicity of 
TNT and the fact that, any moisture present is dnven off by heat 

during the manufacture of tritonal. . . 

d. 80-20 tritonal is manufactured from TNT and grained alumi- 
num. The TXT and aluminum arc run slowly through separate 
chutes into a steam-heated melting kettle equipped with a stirrer, 
which is kept in motion wliile the ingredients are being added. 
Heating and mixing are continued until all the TNT is melted, the 
temperature is greater than 81° C., and the fluidity of the mixture 
is considered satisfactory. The tritonal is then loaded by pouring 
into bombs, with at least the same precautions and techniques used 

in the melt-loading of TNT. 

e. Although the pern! alum friction lest shows no measurable de- 
ference in sensitivity between tritonal and TNT, impact tesls indicate 
tritonal to be somewhat more sensitive to impact than TXT and less 
so than tetryl The rifle bullet impact test value for tritonal is more 
similar to that of tetryl than that of TNT. The explosion tempera- 
ture test value of tritonal (470° 0.) is almost identical with that of 
TNT Liquid tritonal at 90° C. is slightly more sensitive than the 
solid, as judged by rifle bullet impact tests. The minimum detonat- 
ing charge of lead azide (0.30 grain) for tritonal, obtained by the sand 
test, is slightly greater than that for TNT (0.20 gram); but non- 
standard tests with diazodinilrophenol as the initiator show tritonal 
and TXT to be of essentially the same sensitivity to initiation. 

/. The brisanee of tritonal is 97 percent of that of TNT, as judged 
by sand test values, but plate dent tests indicate it to be only 93 
percent and fragmentation tests of shell charges show it to be but 91 
percent as brisant as TNT. The rale of detonation of cast tritonal 
is approximately 97 percent that of cast TXT. The heat of explosion 
of tritonal is 59 percent- greater than that of TNT, but tritonal is 
only 124 percent as powerful as TNT, as measured by the ballistic 
pendulum test. When tested for blast effect, tritonal has relative 
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pvak pressure and positive impulse values greater than those of any 
other binary explosive except torpex, these values being 113 and 118 
percent, respectively, of those for TNT. 

g. As tritonal has the same 150° C. vacuum stability test value as 
TNT, aluminum and TNT do not react at that or lower tempera- 
tures. Tritonal, therefore, has the same stability as TNT, if free 
from moisture. Deterioration in the presence of moisture is noi 
serious, probably being limited by the formation of a layer of oxide 
on the surface of the particles of aluminum that prevents or retards 
further reaction. Tritonal, like TNT, can undergo exudation if 
stored at elevated temperatures, but this tendency is less than that 
of TNT because of the presence of 20 percent by weight of metallic 
particles that tend to hold oily exudate by surface tension and prevent 
it from coalescing and exuding. 

. L The imposition of a sample of tritonal is determined by extract- 
ing a weighed sample with benzene, drying the residue, and weighing 
this. The loss in weight represents TNT and the weight of residue 
represents aluminum. Each is calculated to a percentage basis. 

59. Pentolite 

a. With the standardization of PETN during Worid War II, there 

were developed PETN -TNT mixtures termed pentolites (fig. 61) 

Of these, the one composed of equal weights of the two explosives is 

the most important, and lias been used as a bursting charge for 

grenades and a booster-surround charge. Such use of 50-50 pentolite 

is based chiefly on its sensitivity to initiation, brisanee, and suitability 
for melt-loading. 

b. PETN and TN'I form an eutectic mixture that freezes at77°<\ 
and contains 86.5 percent TNT. Cast 50-50 pentolite, therefore 
consist of 42.2 percent PETN and 57.8 percent of the eutectic mixture’ 
It has a density of 1.64 to 1.60 and offers the advantage of 6 percent 
more charge weight than cast TNT when loaded in the same volume 
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i* injure f>l m Cast 50—50 pentolite 1 54 x. 
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The solubility characteristics of pentolite are those of its ingredients 
and it is inn -h ygroscopic when exposed t o air of 00 percent relative 
humidity at }0° C. Dry pentolite has no corrosive action on mild 
steel, stainless steel, copper, brass, aluminum, cadmium, nickel, or 
zinc; but in die presence of 0.5 percent moisture, it has very slight 

action on eojpper, brass, and zinc. 

c. PentoliltH: is manufactured by either of two methods. In the 
slurry method, the PETN is suspended by agitation in water heated 
above 80° O' When TNT is added, it melts and coals the particles 
of PETN; arid on cooling the slurry with rapid stirring, the TNT 
solidifies. The granules than are separated on a filter or in a centrif- 
ugal wringer- and dried at a temperature below 75° C. In the eo pre- 
cipitation method, the PETN and TNT arc dissolved separately in 
acetone, the solutions are mixed and filtered, and the two explosives 
are precipitated simultaneously by pouring the solution into water, 
with vigorom agitation. The precipitated solid is then separated and 

dried. 

d. Two girades of pentolite are used for military purposes. I hese 
differ only in that grade II 

requirement, Grade 1 is used for melt-loading, while grade II is used 
in the manufacture of pellets and the press-loading of ammunition. 

The requirements are - 

Volatile matter: Maximum, 0.5 percent. 

Composition: PETN, 50 ±2 percent, TNT, 50 + 2 percent. 
Total acetone insoluble: Maximum, 0.04 percent. 

Inorgamic acetone insoluble: Maximum, 0.02 percent. 

Grit: None. 

Acidity or alkalinity: Maximum, 0.005 percent. 

PETN granulation :* 

Through sieve number ^ 

Per rent, minimum ^ 

IVrrmit, maximum - 

100° C. vacuum stability test: Maximum, 5 milliliters of gas. 
Bulk dknsity: Grade U 0.70-0.10 gram per milliliter. 

The composition of pentolite is determined by extracting a weighed 
sample with, chloroform saturated with PETN, drying the residue, and 
determining its weight. It and the loss in weight are calculated to 
percentage :of PETN and TNT respectively The grit requirement is 
included, because of the recognized effect of grit in increasing t fie sen- 
sitivity of PETN to friction and impact, 

e. The two impact tests yield contradictory data with respect to the 

sensitivity of pentolite to impact, one indicating it to be nearly as in- 
sensitive as TNT and the other indicating to it be as sensitive as 
tetrvl. Ti e results of rifle bullcl impact tests confirm the latter, and 
the explosion temperature test value of pentolite is essentially (hat 

•ArplifaMM<'K«i«Hte manururtuifd by i In- cojirmpiiatluii tih'UwkI. 
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of PETN. The minimum detonating charges of lead azide and mer- 
cury fulminate required for pentolile are intermediate between those 
for PETN and TXT and are very close to those for tetryl. On the 
whole, the sensitivity of pentolite may be considered to approximate 
that of tetryl rather than that of PETN- The presence of rust or 
grit increases the sensitivity of pentolite. A mixture of equal weights 
of pentolite and dry rust has an impact test value of 21 centimeters 

as compared with a value of 32 centimeters for the pentolite used in 
making the mixture. 

j. Sami tests show 50-50 pentolite to be as brisant as tetryl and 114 
perceut as brisant as TNT. Fragmentation tests of shell charges, 
however, show pentolite to be 131 percen t as brisant as TNT and plate 
dent tests indicate the ratio to be 1 26 percent. The rate of detonation 
of cast pentolite is 108 percent that of TNT. Pentolite is 122 percent 
as powerful as TNT «s measured by the Trauzl lead block test and 
126 percent as powerful as measured by ballistic pendulum test, and 
the heat of explosion of pentolite is 132 percent that of TNT. In 
spite of this and its high rate of detonation, pentolite has much less 
blast effect than might be expected, its relative peak pressure and 
impulse values being 105 and 107 percent, respectively, those for TNT 
Pentolite, therefore, may be considered an excellent fragmentation 
explosive that is not too suitable for use in producing blast effect. 

g. Although 50-50 pentolite is slightly less stable than PETN, as 
judged by vacuum stability test values, it has been found to be of 
satisfactory stability and contain no excessive acidity after storage 
at 65 C. for 2 years. It withstands 10 remelting operations at ap- 
proximately 98° C. without becoming unstable or unduly acid t but 
subsequent storage at 65° C. Tor 6 months renders it unduly acid. 
\\ liile storage at 65° C. has only lim ited effect, on the chemical stability 
of pentolite, it undergoes some exudation if stored at. temperatures 
greater than 50° C. This may be due to the formation of an eutectic 
mixture of TNT and impurities in PETN. One of the impurities 
present in PETN is dipentaerythritol hexanitrate, which melts at 

73.6° 0. and forms with TNT an eutectic mixture that freezes at onlv 
57.9° C. 

h. Because of the somewhat lower stability and greater sensitivity 
ol PETN as compared with BOX, the corresponding relationship of 
pentolite to composition B, and the tendency of pentolile to undergo 
some exudation above 50° C\, the present trend is toward the replace- 
ment of pentolite by composition B as well as that of PETN by KDX. 

60 . Tetrytol 
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Figure. 62. Cast 70-30 tetrytol, 1 J 4 x. 
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b TNT and tetryl form an eutectic mixture that freezes at 67.5° C., 
and tetrytol begins to melt at 68° C. When cast, it has a density of 
1 00 to 1 61 and so permits the use of a slightly greater weight of charge 
in a fixed volume than TNT. It is only 0.02 percent hy^pm 
when exposed to air of 90 percent relative humidity at 30 C. 
solubility characteristics of tetrytol are essentially those of its in- 
gredients and this is true also of its chemical reactivity. 

c Tetrytol is manufactured by heating TNT in a melting kettle 
equipped with an agitator until all the TNT is melted and the temper- 
ature of the liquid slightly exceeds 100° C. The proper amount of 
tetryl then is added, with continued stirring. Part of the tetryl 
dissolves in the liquid TNT. The temperature then is allowed to 
decrease until the mixture has thickened somewhat and is considered 
to be of maximum viscosity suitable for pouring m the melt-loading 
operation It is then poured into the ammunition component or a 
S. As cast, tetrytol is a mix tore of tetryl and Urn TNT-tetry. 
eutectic mixture, which contains approximately 55 percent of tetryl. 

d. As might be expected, tetrytol is intermediate between INI and 

tetryl, with respect to sensitivity to impact, rifle bullet, heat, and 

initiation. _ . „ . • , , . 

e As judged by the sand test, 70-30 tetrytol is 97.5 percent anti 111 

percent as brisant as tetryl and TNT, respectively. Plate dent tests 
show it to be 117 percent as brisant as TNT aud fragmentation tests 
of shell charges indicate the same relationship. The rate of detona- 
tion of tetrytol is only inti percent that of TNT. As judged by the 
ballistic pendulum test, tetrytol is 120 percent as powerful as 'I NT- 
f 70-30 tetrytol is slightly less stable than tetryl at 100 C. and 
higher temperatures, as shown by vacuum stability tests. However, 
it is of satisfactory stability at 65° C. and lower temperatures as indi- 
cated bv storage at 65° C\ for 2 years without change in stability, acid 
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content, sensitivity, or brisance. Although tctryl undergoes partial 
decomposition on melting, the melting of letiytol docs not have the 
same effect. Tetrytol that had l>ccn melted and solidified 12 limes 
showed no change in freezing point, sensitivity to impact, or 100° C 
vacuum stability test value, although the temperature was each time 
raised to 107° C. and maintained at that value for half an hour prior 
to solidification by cooling. Storage at 65° C. causes some separa- 
tion of an oily exudate and distortion of blocks of tetrytol, so the 
maximum temperature at which it should be stored is less 'than 65° C. 

g. Determination of the composition of a sample of tetrytol can be 
made by treating a weighed sample with sufficient boiling carbon 
tetrachloride to dissolve the TNT present, cooling to 0° C., evaporal- 
mg a weighed portion of the solution to dryness, and correcting for 
the amount of tetrvi dissolved by the carbon tetrachloride at 0° C. 

61 . Picratol 

a Prior to World War II, armor-piercing projectiles were press- 
loaded with explosive "D ” This required the application of pres- 
sm-es of the order of 10,000 to 12,000 psi to successive increments of 
the charge and was a slow and expensive operation. The develop- 
ment of armor-piercing bombs necessitated the use of an insensitive 
explosive that could be melt-loaded; and for this reason, there was 
developed a composition containing 52 percent of explosive “D” and 
48 percent of TNT and designated as picratol (fig. 63). 
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figure 03. Cast o2~48 •picratol, tHx. 


. . lolten TNT has little or no solvent action on explosive “D " 
and consequently, east picratol consists essentially of a phvsical mix- 
ture of crystals of the two explosives. Its density is 1.61 to 1.63 
and this permits a weight of charge almost equal to that of explosive 
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pressed under 10,000 to 12,000 psi. Picratol has the solubility 
nd reactivity characteristics of its ingredients. It is hygroscopic to 
extent, of only 0.02 percent, when exposed to an atmosphere of 90 

percent, relative humidity at 30° C. . 

' c Picratol is manufactured by heating TNT to above 90 C. m a 

afceam-j acketed melting kettle equipped with a stirrer. The exp o- 
^T-IP’ is added slowly, without preheating, with continuous abla- 
tion; and this is continued for a short, time after all the explosive D 
fhas been added. The thick slurry is allowed to cool to about 85 L. 

\ Kef ore being loaded into ammunition components. Like molten 
‘TNT, pi cr atol undergoes marked contraction m volume on solidiii- 

; cation ; but this is much less than in the case of TNT. 
f J The standard small scale impact, tests indicate picratol to be as 

sensitive to impact as TNT, rather than explosive "D ” and large 
scale impact tests of cast charges confirm tins. Pendulum friction 
tests show no difference between picratol, TNT, and explosive D 
with respect to sensitivity to friction. When subjected lo the rif e 
bullet impact test, picratol burns m about 40 percent of the t.ials 
but undergoes no detonation. Explosive “D” burns m about 30 per- 
cent of the trials. The explosive temperature test value of picratol 
C.) is less than that of explosive “D” (318° C.) and much less 
than that of TNT (475° C.). Picratol is as insensitive to initiation 
as explosive “D,” having a minimum detonating charge value oi 
0.06 gram of tetryh The overall sensitivity of picratol, therefore, is 

not greater than that of TNT. . 

c. 52-48 picratol is only 94 percent as brisant as TNT, as judged 
by the sand test, but the plate dent test indicates the two to be equally 
brisant, and the fragmentation of shell charges show picratol to be 102 
percent as brisant as TNT. The rate of detonation of cast picratol is 
101 percent that of cast TNT. Picratol and TNT are of equal power, 
as measured by the ballistic pendulum test, and have equal blast 

effects • i 

/. The stability of picratol is very slightly less than that of either 

TNT or explosive “D " as measured by vacuum stability tests at 

100° 120° and 150° C. These test results may be considered to 

indicate slight reaction between the explosive “D" and the molten 

TNT ingredients at the elevated temperatures of the tests. A 

ordinary temperatures, there is no evidence of such reaction and 

picratol appears to be of the same high order of stability as its 

m ^ re The composition of picratol can be determined by extracting a 
weighed sample with cold ether that has been saturated with explo- 
sive “D ” The residue is dried and weighed and tins and the loss m 
weight are calculated to percentage of explosive “D” and INI, 

respectively. 
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62. Ednatol 

a. Because of the excellent brisance of haleite and the impractica- 
bility of melt-loading this explosive, there was developed during 
World War TI a composition containing 55 percent haleite and 45 
percent TNT suitable for melt-loading and designated as ednatol 
(fig, 64). Although standardized, no ednatol had been loaded in 
ammunition by the end of the war. It was considered suitable for use 
in shell, bombs, and special ammunition components. 
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Figure 64- Cant 55-45 ednatol, 1 % x. 


b. Cast 55~4o ednatol has a density of 1.62 or 1.63, which is 4 
percent greater than that of cast. TNT or haleite pressed under 30,000 
psi. It is essentially nonliygroscopic when exposed to humid air. 

c. Ednatol is manufactured by healing TNT to about 100° C. in a 
steam -jacketed melling kettle equipped with a stirrer. To the 
molten and stirred TNT, there is added slowly wet haleite. When 
addition of this is complete, heating and stirring are continued until 
all moisture has been driven off. The mixture then is cooled to about 
85° C., with continued stirring, and loaded by pouring. Like TNT, 
ednatol undergoes some contraction in volume upon solidification. 

d. The sensitivity of ednatol to impact is greater than that, of TNT 
and less than that of haleite. The pendulum friction test indicates no 
greater sensitivity to friction than that of its ingredients. When 
subjected to the rifle bullet impact test, it does not detonate and 
undergoes only occasional ignition. Ednatol and haleite have the 
same explosion tempe rature test value (190° €.), which is lower than 
that of any other standard noniuitiating high explosive. As might 
he expected, ednatol is more sensitive than TNT and less sensitive 
than haleite to initiation. 

e. Ednatol is 94 percent as brisant as haleite. as measured by the 
sand test, and 103 percent as brisant as TXT. The plate dent tost 
indicates it to be more than 105 percent as brisant as TNT. However, 
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fragmentation tests with shell charges arc much more favorable, since 
they show ednatol to be 124 percent as effective as TNT. The rate 
of detonation .of cast ednatol (7,340 meters per second) is 106 percent 
that of cast TNT. As measured by the ballistic pendulum and 
Trauzl lead block tests, ednatol is 119 and 120 percent, respectively, 
as powerful as TNT, but the blast effect of ednatol is only 108 to 110 
percent as great as that of TNT. As an explosive for producing 
blast effect, it: is, however, BUfwrior to amatol, pentolite, and compo- 
sition C-3 and nearly equal to composition B. 

f At 100° €., ednatol is of the same order of stability as haleite, 

but it is mud less stable than haleite at 120° C. Ednatol has been 
found to withstand storage at 65° C. for 2 years without change in 
stability, sen&tivitv to initiation, or brisance; and it does not undergo 
exudation at dial temperature. Dry ednatol has no corrosive action 
on aluminum, stainless steel, cadmium, or nickel but causes very 
slight corrosion of copper, brass, nnld steel, and zinc. In the pres- 
ence of 0.5 percent of moisture, corrosion is much more pronounced 

and cadmium and nickel also are affected. 

g. The composition of ednatol can be determined by extracting a 

weighed sample with cold ether saturated with haleite and drying and 

weighing the residue. The weight of residue and loss in weight are 

calculated to percent of haleite and TN 1 , respectively - 


63. Composition B 

over TNT, with respect to brisance and power, the B ri lishdj^rf^ped w 

composition B during the period between World I II and 

it was standardized by the United/ States e^HiI W orld War II. 
Compositions consisting of RDX designat ed as cyclot ols, { 

and composition B consists ofJpMfik^cIotol, to which has been added 
a wax that has a AsaeaMmpSkei . Composition B, therefore, con- 
tains 55.2 percent^ffiho ] percent TNT, 1 .2 percent polyisoluetylene, 
and 0.6 peroep£*wax. ^It. can be melt-loaded and is used extensively 
in bombwf^Sn appearance, composition B is a brownish yellow solid 


b. The densit y of cast composition B is 1 .65. RDX is slightly soluble 
in molten TXT and they form an eutectic mixture that freezes at 
79.0° C. and contains 95.84 percent TNT and 4.16 percent RDX. 
When healed, RDX undergoes some softening at a relatively low 


temperature, because of melting of the wax present and further melt- 
ing at the £U lectio temperature. As the temperature is increased, 
some, of tiie RDX is dissolved, and at 100° C. there are in equilibrium 
42.8 parts df molten solution and 57 .2 parts of solid RDX. The vis- 
cosity of composition B as cast is an important characteristic that, is 
affected markedly by the granulation of the RDX and the nature of 
the wax us**!, the wax causing increase in the viscosity. Represen- 
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t alive viscosity values for composition B at 83° and 95° C. arc 3.1 
and 2.7 poises, respectively. The liygroseopicitv of composition B, 
when exposed to air of 90 percent relative humidity al 30° C,, is 0.02 
percent. 

c. Composition B is manufactured from TXT and water-wet RDX. 
The TXT is melted in a steam-jacketed melting kettle equipped with 
a stirrer and the tempera Hire is brought to approximately 100° C. 
The damp RDX is added slowly with stirring, and after addition of 
the RDX is completed, most of the water is poured off and heating 
and agitation are continued until all moisture has been driven off. 
The wax is then added and mixed thoroughly with the other ingre- 
dients by stirring. The nature of the wax is important, since only 
certain waxes mix with the RDX and TXT and do not lend to seg- 
regate during cooling. The thoroughly mixed composition B then is 
cooled with continued agitation until it is of satisfactory fluidity for 
casting. It is then cast directly into bombs or so as to form chips 
approximately 0.75 inch square and 0.25 inch thick. The chips are 
produced when the composition B is to be stored or shipped for use 
elsewhere than the plant at which it is manufactured. 

d. Solid composition B is slightly more sensitive than TNT but 
much less sensitive than RDX, as shown by impact tests. Rifle 
bullet impact l»*sts show the same relationship. Cast composition B 
is distinctly more sensitive to impact than the powdered material. 
As judged by the pendulum friction test, powdered composition B is 
no more sensitive than TXT, and at 100° C., the two explosives show 
no increase in sensitivity to friction. Like TXT, cast composition B 
can be drilled without undue hazard. The explosion temperature 
lest value of composition B (270° C.) is only slightly greater than that 
of RDX, but the sensitivity of composition B lo electrical sparks is 
more nearly that of TXT than that of KDX. Composition 13 is in- 
termediate between TNT and RDX, with respect to sensitivity to 
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initiation. Cast composition B is somewhat less sensitive to initiation 
than the pressed material. 

e. The brisance of composition B is 90 percent that of RDX, as 
measured by the sand tost. The plate dent lest shows composition 
B to be 129 to 132 percent as brisant as TXT, but the fragmentation 
of shell charges shows composition B to he 139 percent as brisant on 
an equal volume basis. This corresponds to 131 percent on an equal 
weight basis. The rate of detonation of cast composition B is only 
1 13 percent that, of cast TNT. Their ballistic pendulum, Trauzl lead 
block, and heat of explosion values indicate composition B to be 131 
to 134 percent as powerful as TXT, but its blast effect is indicated to 
be only 110 percent that of TXT. Nevertheless, composition B is 
inferior only to Iritonal and iorpex, wills respect, to blast effect. 

/. Vacuum stability tests indicate composition B to be as stable as 
RDX and only slightly less stable Ilian TXT at 100° and 120° C. 
Storage at 75° C. for 1 month causes no decrease in stability, and it 
lias been stored at 65° C. for over a year without change in acidity, 
sensitivity to impact, or brisance. However, 5 months of such storage 
causes slight exudation; and when composition B is made from TNT 
having a freezing point of 80.71° it undergoes very slight exudation 
when stored at 71° C. Composition B, therefore, is of a high order of 
chemical stability but should not be stored at too elevated tempera- 
tures because of physical instability at such temperatures. Compo- 
sition B rea.rts slightly with rust at 100° C. At ordinary temperature, 
dry composition 13 causes very slight corrosion of copper and brass, 
but does not affect aluminum, mild steel, stainless steel, nickel, cad- 
mium, or zinc. In the presence of 0.5 percent of moisture, composition 
B causes some corrosion of cadmium and zinc also. 


Grade I is manufactured from class A RDX and grade II fromejrtfe B 
RDX. The specifics I ion requirements for composition B arc^frollows: 

Composition: j Percent 

1U>X ft -/C 55. 2 

TV r jJ y _ - 40 

Polvisoluctyleuc 2 

Was 3 6 

Moisture: Maximum. 0.25 

Benzene-acetone hfcohd)to^!ffaximum, 0.1 percent. 

Inorganic insolubhn TpBHnium, 0.05 percent. 

Specific gravity: Mpmiuim, 1.64. 

Grit: RctainwOmNo. 40 sieve, none. Retained on Xo. CO sieve, 
majafmun, 5 particles per 50 grams. 

Form: Pdlet strips or cast slabs. 

AckJtfy: Grade T, maximum, 0.01 perceni nitric or acetic acid. 
/ Grade 11, maximum, 0.03 percent nitric or acetic acid. 
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h. Pile RDX content of composition B can be determined by ex- 
tracting a weighed sample with benzene saturated with RDX, drying 
the residue, and calculating the weight of this to percentage of KDX 
Tin* disensitizer content is determined by extracting another weighed 
sample with acetone cooled to 5° C., drying the residue, and calculat- 
ing the weight of this to percentage of desensitizer. The percentage 
of TNT in the composition is obtained by subtracting from 100 (be 

sum of the percentages of RDX, desensitizer, and moisture found 
present. 

i. The eyclotol containing 60 percent RDX and 40 percent TNT 
is known also as composition B-2, but is not a standard explosive. 
Differing from composition B only in the absence of wax, it lias a 
greater density when cast (1-70) and is slightly more brisant, as indi- 
cated by a sand test value of 55.0 grams as compared with 53.0 grams 
for composition B. The rate of detonation of cast composition B-2 
is 7,900 meters per second, as compared with 7,S00 meters per second 
for composition B. Composition B-2 is distinctly more sensitive than 
coni position B, as judged by large scale impact and rifle bullet Impact 
tests, and is slightly more sensitive to initiation. The two compo- 
sitions are of the same stability and hygroscopicity. Because of its 
greater sensitivity to impact, composition B-2 is not as suitable as 
composition B for use in bombs. 

64. Torpex 

t?. Developed during World War II, a composition designated as 
torpex was standardized for use in bombs. Tt contains 41 percent 
RDX, 41 percent TNT, and 18 percent aluminum and is notable for 
its great blast effect. It is suitable for melt-loading and is a silvcrv- 
whlle solid when cast (fig. 66). 

b. Torpex has a density of 1.81 when east. At 15° C. it has a specific 
heat of 0.24 calorie per gram per degree Centigrade and thermal con- 
ductivity of 0.00094 calorie per second per centimeter per degree 
Centigrade. Its coefficient of thermal expansion at ordinary temper- 
ature is 0.00047 inch per inch per degree Centigrade. When the 
explosion undergoes solidification, there is a decrease in volume of 
6 percent. It is non hygroscopic when exposed to air of 90 percent 
relative humidity at 30° C. When heated, it undergoes partial melt- 
ing near the melting point of TNT. The partially liquid explosive has 
viscosity values of 4.5 and 2.3 poises at 83° and 95° C., respectively. 
Ibis is approximately the viscosity of glycerin at room temperature. 

c. Torpex is manufactured by melting TXT in a steam-jacketed 
kettle cquipp<*d with a stirrer and heating the molten TNT to approxi- 
mately 100° C. RDX slightly wet with water is added slowly and 
mixing and healing are continued until all water lias been driven off. 
Grained aluminum is added and tlu* mixture is stirred until uni- 
formly is obtained. The mixture then is cooled, with continued 
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Figure 66. Cast torpex, i|4i, 


stirring, until its viscosity is such as to render it suitable for loading 
by pouring. Torpex of slightly different composition can be manu- 
factured by melting 12.5 parts of TXT, adding 69.5 parts of compo- 
sition B and, after further heating and stirring, adding 18 parts of 
aluminum. From this it will be recognized that torpex is essentially 
aluminized 50-50 eyclotol. 

d. Torpex is considerably more sensitive to impact than composit ion 
B and undergoes partial or complete explosion in all trials in the rifle 
bullet impact test. Its explosion temperature test value (260° C.) is 
the same as that of RDX. Cast torpex is much more sensitive to 
initiation than is cast TNT, and pressed torpex is as sensitive as 

RDX to initiation by mercury fulminate. 

e. Sand tests indicate torpex lo be 98 to 99 percent as brisant as 
RDX and 122 percent as brisant as TXT. As judged by plate dent 
test, values, cast torpex is 120 percent as brisant as TXT. Fragmen- 
tation tests of shell charges indicate, t orpex to be 126 percent as brisant 
as TXT and, therefore, inferior to composition B in this respect. 
The rate of detonation of cast torpex is 110 percent that of TNT. 
Trauzl lead block tests and their heats of explosion indicate torpex to 
be 161 to 162 percent as powerful as TXT, but the ballistic pendulum 
test gives torpex a superiority of only 34 percent. Torpex produces 
more blast effect than any other standard bursting charge explosive. 

/. Vacuum stability tests show torpex to be of the same order of 
stability as composition B. Storage at 75° C. for 1 month has no 
effect on its stability, nor has storage at 65° C. for 13 months. It 
therefore is of a high order of stability. However, if all traces of 
moisture are not removed during manufacture, reaction between this 
and the ingredients of the composition results in the liberation of gas, 
which may cause rupture of the ammunition component or increase in 
the sensitivity of the torpex to shock. 
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g. The composition of torpex can be determined by ext meting >, 

weighed sample with cold benzene or toluene that bus been saturated 

with RDX. The residue is dried and weighed and the loss in weight 

]s calculated to percentage of TXT. The dried residue is extracted 

with hot acetone, dried, and weighed. The loss in weight is calculated 

to percentage of RDX. The weigh t of the final residue is calculated to 
percentage of aluminum. 
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i. Another modification of torpex is a composition designated as 
HBX I. It can be manufactured from 70 parts composition B, 12 
parts TXT, 18 parts aluminum, and 5 parts of a desensitizer known as 
composition D 2. Composition D2 consists of 84 percent paraffin 
and other waxes, 14 percent nitrocellulose, and 2 percent lecithin 
The composition of HBX-1 therefore is— 


RDX Percent 

TXT 3<). 6 

A ; : 37. s 

Dcsfiisilizer 

Calcium Chloride ^ 

H ^ 


Tota] . 


1(K). 0 


WhHe slightly mote viscous than torpex, molten HBX-1 is much less 
so than composition B and so can be loaded more easily. When cast, 
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jp|3X— l has a density intermediate between the density of composition 
J3 and that otf torpex. It. is less sensitive to impact, and initiation than 
.both torpex and composition B as shown by large scale impact, rifle 
bullet impac t, and sand tests. HBX-1 is less brisant than torpex or 
composition 3 as judged by shell fragmentation and plate dent, tests, 
and its rate of detonation is approximately 7,400 meters per second. 
The ballistic pendulum test shows HBX-1 to be as powerful as torpex 
and composition B, but it is intermediate between these, with respect, 
to air blast and underwater shock values. As it contains no am- 
monium nitrate, HBX-1 docs not have the objectionable hygro- 

scopicity of DBX. 

65. Composition A-3 

a. During World War IT, the British introduced the use of an 
explosive composition containing 91 percent RDX and 9 percent 
beeswax, which was highly brisant and suitable for press loading. 
This was designated as composition A. When standardized by the 
United States, tbc beeswax was replaced with wax derived from 
petroleum. Subsequent changes in the method of adding the descu- 
sitizer led to designation of the explosive as composition A-2. More 
recently, the composition has been designated as A— 3, because of later 
changes in the granulation of RDX and the method of manufacture. 
The wax is so applied as to coat the particles of RDX and act as a 
binding agent when the composition is pressed. 'Hie color of the 
composition depends upon the particular desensitizing wax used in 
manufacture. Figures 67 and 68 show photographs of composition 

A-3. 
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Figure 67. Compoailion A-3 granules, I L ? .r. 

b. Composition A-3 has density values of 5.46 and 1.63 when 
pressed at 3.000 and 12,000 psi, respectively. It is completely soluble 
in benzene and acetoue wben these are used successiv ely. 

c. Tbc manufacture of composition A-3 is carried out by beating a 
water si urn' of RDX to nearly 100° €. with agitation. The wax, 
which contains a welting agent, is added with continued agitation and 
this is continued while the mixture is allowed to cool to a temperature 





Figure 6S. Composition A-3 granules, 25 x. 

less than the melting point of the wax. After being caught on a filler, 
the composition is air-dried at 77° C. (170° F.). 

d. Composition A-3, of which there is but one grade, complies with 
the following requirements: 

Composition: RDX, 91.0 ±0.7 percent. Desensitizer, 9.0 ±0.7 
percent. 

Moisture: Maximum, 0.1 percent. 

Acidity: Maximum, 0.045 percent. 

Benzene-acetone insoluble: Maximum, 0.15 percent. 

Inorganic insoluble: Maximum, 0.05 percent. 

Grit: Maximum particles per 50-gram sample 


ltelained on Xo. 40 sieve None. 

Retained on Xo. 60 sieve 5 . 


Bulk density: Minimum, 0.85 gram per milliliter. 
Granulation: 


Minimum through Xo. 6 sieve, 100 percent. 
Maximum through Xo. 100 sieve, 5 percent. 


Consistency at 70° to 100° C. : Soft and self-binding under light 
hand pressure. 

e. Although composition A-3 has an explosion temperature test 
value of only 250° C., it is quite insensitive to shock and friction, being 
let?s sensitive than TNT. It is slightly more sensitive to initiation 
than I XT. this combination of sensitivity characteristics renders 
it suitable for use under conditions where it is subjected to high 
sct-back forces. 






f. As judged by sand test values, composition A-3 is 8b percent as 
brisant as RDX and 108 percent as brisant as TXT. Plate dent 
tests, however, indicate it to be 120 percent as brisant as FN 1 , and 
fragment atimi tests of shell charges show it to be 50 percent more 
effective tli am TXT. Ballistic pendulum tests indicate composition 

A-3 to be 132 percent as powerful as TXT. 

g When subjected to vacuum stability tests at 100° and 120° C., 
composition A-3 liberates less gas than does RDX and only slightly 
more than that liberated by TNT. 100° C. heat test data for com- 
position A-3 indicate it to undergo chiefly volatilization at that 
temperature. As it is nonhygroscopie, it is not affected by the 
absorption of moisture during storage. It should not be stored at 
temperatures above 75° C., because of the softening effect on the wax 

coating. , . „ . , 

A. Like RDX, composition A-3 has no markedly toxic cl feels on 
personnel h sand ling the explosive in quantity. 

66. Compositions C-3 and C-4 

a. During World War II, the British used a plastic demolition 
explosive that could be shaped by hand ami had great shattering 
power. As standardized by the United States, it was designated as 
composition C and contained 88.3 percent RDX and 11.7 percent of a 
nonexplosive oily plasticizer. Included ill the plasticizer was 0.6 
percent lcciilhin,' which helped to prevent the formation of large 
crystals of RDX which would increase the sensitivity of the composi- 
tion. While plastic from 0° to 40° C., composition C became br ittle 
and less sensitive below 0° C. and tended to become gummy and 
exude oil at temperatures above 40° C. It was replaced by composi- 
tion C-2, which contained 80 percent RDX and 20 percent explosive 
plasticizer. This explosive plasticizer was composed of mononitro- 
toluene, a liquid mixture of din iirotolu ones, TN F, nitrocellulose, and 
dim ethylf o rmamide . Composition C— 2 was plastic from 30 to 
52° C., hut became less plaslio in hot storage, because of evaporation 
of volatile matter. It has been replaced by composition C-3, which 
contains 77±2 percent RDX and 23 ±2 percent explosive plasticizer. 
The plasticizer contains mononitrotoluene, a liquid mixture of 
dinitrotolumes, TXT, tetryl, and nitrocellulose. It is a yellowish 
puttylike solid that has a density of 1.60 and is soluble m acetone. 
Photographs of composition C- 3 are shown in figures 69 and 70. 

6. In the manufacture of composition C-3, the mixed plasticizing 
agent is placed in a steam-jacketed moiling kettle equipped with a 
stirrer and heated to nearly 100° C. Water-wet RDX is added 
slowly, and heating and stirring are continued until a uniform mixture 
has been obtained and all the water has been driven off. The mixture 
then is cooled with continued agitation. 


201 



- - RA PD 167427 

Figure 69. Composition C~S granule#, l}i x. 


c. But one grade of composition C-3 is manufactured, this com- 
prising two classes l-hat differ with respect to aciditv only. Class A 
material is used for t he manufacture of demolition blocks, while class 
B explosive is used m demolition blocks or the loading of ammunition 

in which lower acidity is desirable. The requirements applicable to 
composition C-3 are— 

Composition: 

HDX plus nitrocellulose, 78.0+2.0 percent. 

Plasticizer minus nitrocellulose, 22.0± 2.0 percent. 

Moisture: Maximum, 0.25 percent. 

Acetone insoluble material: Maximum, 0.15 percent. 

Inorganic acetone insoluble material: Maximum, 0.05 percent, 
ixrit. Maximum particles per 50-gram sample 


Retained on No. 40 sieve. N 

Retained on No. 60 sieve. " 5 J ' 



Plasticity: Minimum extension in length at 25° to 30° C., 90 


percent. 



Acidity: 


Percent 


Class A . — Maximum f , ftf . 

Class B . — Maximum 0 05 


(l. Compos! i ion C-3 is of the same sensitivity to imparl as TXT 
and is not exploded in the pendulum friction test. In the rifle bullet 
impact test, it undergoes partial explosion in 40 percent of the trials, 
winch indicates greater sensitivity than that of TNT but much less 
seiismyity than that of RDX. It is less sensitive to initiation than 
INI, requiring a minimum detonating charge of 0.08 gram of tetryl 



Figure 70. Comjyonilion C-3 granules, 6 x. 

in the sand test. Storage for 4 months at 65° C. in an atmosphere of 
95 percent relative humidity does not impair its sensitivity to initia- 
tion. The explosion temporal ure test value of composition C-3 
(280° O.) is only slightly greater than that of RDX {260° C.). 

e. As judged by sand test values, composition C— 3 is 90 percent as 
brisant as RDX and 112 percent as brisant as TNT. The plate dent 
test indicates it to be 114 percent as brisant as TNT, but fragmenta- 
tion of shell charges shows composition C-3 to be 133 percent as 
effective as TNT. The rate of detonation of composition C— • 3 (7 ,025 
meters per second) is 1 1 1 percent that of cast TNT. The Trauzl lead 
block and ballistic pendulum tests indicate composition C-3 to be 1 1 5 
and 126 percent, respectively, as powerful as TNT, but it is slightly 
inferior to composition B as an explosive for producing blast effect. 

J, The chemical stability of composilion C-3 is acceptable at least, 
but its physical stability is not entirely satisfactory. Its volatility is 
such that it loses 1 .2 percent by weight when exposed to air at 25° C. 
for 5 days. It is hygroscopic to the extent of 2.4 percent when 
exposed tc« air of 90 percent relative humidity at 30° C., but tests have 
shown composition C-3 to be of unimpaired brisance after immersion 
in water for 24 hours. When stored at 77° C., it undergoes con- 
siderable exudation. It becomes hard at —29° C. (—20° I ■). 

g. Composition C-3 is not unduly toxic, but since it contains aryl 
nitrocompounds, it should be handled with the same precautions as 
tctrvl ami similar compounds. 

h. Because of the hardening of composilion C-3 at —29° C., its 
volatility, and its bygroscopieity, there has recently been developed 
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and standardized an improved plastic explosive designated as com- 
position 0-4. Ibis contains Lhc following iitgrcdients: 

Percent 


KDX 9J 0(J 

Polyisobutyhme 2 ]q 

Motor oil gj. 

Di-(2-ethylhoxvl) sebacate 5 

Total 100.00 


It is a putty like material of dirty white to light brown color that lias 
found application in demolition blocks and specialized uses. 

i. O 11 I 3 one grade of composition C- 4 is used for military purposes, 
although di- ( 2 -et hyili exyl) adipale may he substituted for di-( 2 - 
cthylhexyl) sebacate in the composition. The method of manu- 
facture is classified as confidential. 

j. Composition C-4 lias no odor and has practically the same 
density (1.59) as composition C-3. It does not harden at — 57 ° C. 

{—70° F.) and does not undergo exudation when stored at 77° C 
(170° ¥.). 

k. Composition C-4 is less sensitive to impact than composition 
C-3, as indies led by impact and rifle bullet impact tests, but they are 
of the same order of sensitivity to initiation and composition C -4 can 

be detonated by a -No. 6 blasting cap. It is not affected in the 
pendulum friction test. 

l. Composition C-4 is slightly more brisant than composition C-3, 
as shown by sand anil plate dent tests and indicated by its higher rate 
of detonation {8,040 meters per second). The ballistic pendulum test 
shows composition C-4 to be slightly more powerful than composition 

■m. The stability of composition C-4 is greater than that of com- 
position C-3, as indicated by 100 ° C. vacuum stability tests, and 
100° C. beat tests show composition C -4 I o be of a high order of sta- 
bility and much less volatile than composition C-3. 

ft. Composition C-4 is essentially nonhygroscopic. Because if con- 
tains no aryl nitrocompounds, it. lacks the toxicity characteristics of 
composition C-3. 

n. Composition C-4 has not replaced composition C -3 entirely, 
and both are standard explosives at the present time. 

67. Dynamites 

a. Military operations frequently necessitate excavation, demo- 
lition, and cratering operations, for which the standard high explosives 
are unsuited, and recourse is made to commercial and special com- 
positions. Commercial blasting explosives, with the exception of 
black powder, are reform! to as dynamites, although in some cases 
they contain no nitroglycerin. 

b. \ oh cl gave the name dynamite to mixtures of nitroglycerin and 
kieselgulir, the strength of the dynamite being indicated bv the 
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percentage of nitroglycerin in the mixture. The porous kieselgulir 
was chemically inert and absorbed the nitroglycerin, rendering it much 
safer to hurdle. Later, it was found that even stronger dynamites 
could be made by substituting sodium nitrate and a combustible 
absorbent, -such as wood pulp, for the kieselgulir. The resulting 
composition was called an “active dope” dynamite. Subsequently, 
the replacement of part of the nitroglycerin and sodium nitrate by 
ammonium nitrate brought into existence the less costly ammonia 
dynamites tia t are notable for their great heaving rather than shatter- 
ing effects. The replacement of nitroglycerin in dynamite by nitro- 
starch resulted in the development of a class of dynamites free from 
some of the objectionable characteristics of nitroglycerin dynamites. 
While the active dope and ammonia dynamites are hygroscopic and 
desensitized by water, necessitating a moist u reproof wrapper, a 
waterproof composition termed blunting gelatin is obtained by colliding 
nitrocellulose with nitroglycerin. When mixtures are made of 88 to 92 
percent of nitroglycerin and 8 to 12 percent of nitrocellulose having a 
nitrogen content of nlxmt 12 percent, a relatively tough material is 
formed. Blasting gelatins are particularly adapted to deep-water 
blasting. By including some nitrocellulose in the compositions of 
active dope dynamites, the so-called gelatin dynamites were formulated. 
These possess greater density and water resistance than straight active 
dope dynamites and so are more suitable for use under wet conditions. 

c. The cost of glycerin and the tendency of nitroglycerin to freeze 
at some atmospheric temperatures prompted the partial replacement 
of nitroglycerin by “antifreeze” materials, such as nitrated diglyccrm, 
sugars, and glycols. Anliaeid materials, such as calcium carbonate 
or zinc oxide, have been added to most dynamite compositions to 
neutralize any acidity developed during storage. The inclusion of 
special purpose ingredients, such as sulfur, fciTosilicon, alum, nitro- 
toiuencs, sodium chloride, copper sulfate, etc., and the substitution 
of starch, ground peanut hulls, vegetable ivoiy, etc., for wood pulp 
have further increased the complexity of dynamite compositions. 
Usually, they are formulated so as to have certain rate of detonation 
and heaving force values that render them suitable for various types 
of blast ing operations. At the same time care must be taken that the 
compositions are oxygen balanced when the paraffined paper w rapper 
is taken into consideration. Compositions overbalanced with respect 
to oxygen produce nitrogen oxides on detonation ; while umlerbalauced 
compositions produce some carbon monoxide instead of carbon dioxide. 
While many of the commercial dynamites arc given strength designa- 
tions on a percentage basis, this no longer means that they contain 
that percentage of nitroglycerin or have the same characteristics as a 
mixture 0 : kieselgulir and nitroglycerin containing that percentage of 
nitroglycerin. 'Representative composit ions and chanictcnstics of t he 
various types of dynamite are given in table XXX\ . 
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Table XXX V. Composition* 1 and Charade ridic* of Dynamites 


Strength of dynamiliy, percent 

l ^ 

1 30 

-3D 

5U 

60 

Straight dynamites: 

-Nitroplvi-erin _ 

20. 2 

29. 0 

39. 0 

49. 0 

56. 8 

Sodium nitrate _ 

59.3 

53.3 

45. 5 

34. 4 

22. 6 

Carbonaceous fuel 

15.4 

13. 7 

13. 8 . 

14. 6 

18. 2 

Sulfur. __ . ___ 

Antacid 

2. 9 
L 3 

2. 0 | 
1 0 : 

0. 8 | 

1. 1 

1. 2 

Moisture. _ _ 

T 5 _ i (* j ■ 

0. 9 | 

1. 0 

o. 9 : 

0. 9 , 

1. 2 


in /sec 

Ballistic pendulum, j>er- 

oent TXT : 

Ammonia dynamites: i 

X itrogly eerin _ 

Sodium nitrate 

Ammonium nitrate 

Carbonaceous fuel 

Sulfur 

Antacid 

Moisture 

Rate of detonation, 

m/see 

Ballistic pendulum, per- 
cent TXT 

Gelatin dynatrnies: 

Nitroglycerin 

Sodium nitrate 

Nitrocellulose 

Carbonaceous fuel 

Sulfur 1 

Antacid 

Moisture . 

Rate of detonation, ni / 

sec _ ' 

Ballistic pendulum, per- 
cent TNT j 

Ammonia gelatin dynamites: 1 

Nitroglycerin 

Sodium nitrate 

Ammonium nitrate „ . 

Nitrocellulose 

Carbonaceous fuel . 

Sulfur •_ 

Antacid 

Moisture 

Rate of detonation, mf 

sec 

Ballistic pendulum, per- 
cent TNT 


4, 400 ; 5, 200 ; 5, 900 


94. 5 1 02. 5 


12 . 0 
57. 3 
11.8 
10.2 
6. 7 
1 . 2 
0.8 


12. G 
46. 2 
25. 1 
8.8 
5. 4 
1. 1 
0 . 8 


16. 5 i 
37. 5 
31. 4 
9.2 
3. 6 
1. I 
0. 7 


16. 7 
25. 1 
43. 1 
10.0 
3. 4 
0 . 8 
0. 9 


114 

22. 5 
15. 2 
50. 3 
8 . 6 
1.6 
1. 1 
0.7 


2, 700 3, 300 3, 900 j 4, 600 


20 . 2 
60. 3 
0.4 
8. 5 
8 . 2 
1.5 
0.9 


25.4 

56.4 

0. 5 
9. 4 
6 . 1 

1 . 2 
1. 0 


32. 0 
51. 8 

0. 7 
11 . 2 

2 . 2 

1. 2 
0. 9 


40. 1 
45. G 
0 . 8 
10 . 0 
1. 3 
1 . 2 
1. 0 


109 

49. 6 
38. 9 
1.2 
8.3 

1. 1 

0.9 


_ 4,000 4,600 5,200 j 5,600 6,200 


74 


84. 5 i 90.5 


22. 9 
54. 9 
4. 2 
0. 3 
a 3 
7. 2 
0.7 
1.5 


26. 2 
49. 6 
8.0 

0. 4 
8.0 
5. 6 
0 . 8 

1. 4 


29. 9 
32. 0 
13. 0 
0.4 
8.0 
3.4 
0.7 
3.6 j 


99 

35. 3 
33. 5 
20 . 1 
0. 7 
7.9 

0 . 8 
J. 7 


4,400 4,900 5,300 5,700 


S3 


88 


92 ! 97. 5 


1 Perwut by wefeht. 
*131:is?inp gelatin. 
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and ait p ro chit -I up A composition having great 

heaving force and relatively low rate of detonation is preferable for 
blasting soft rock or earth, while a gelatin dynamite of low heaving 
force and high rate of detonation is used for hard tough rock. 

e. A special demolition explosive standardized shortly before World 
War 11 is based on nitrostarch instead of nitroglycerin. It is pressed 
into K-pmmd pellets, which are covered with paper, and 1 -pound 
packages of the pellets arc wrapped in paper with markings indicating 
the location of holes for blasting taps in the pellets. The composition 


used is— P " WJ ' r 

Nit r<i star eh - . 34. 5 ±2. 5 

Barkm nitrate 43. 5 ±1.5 

15. 0lL2. 0 

AluTT.hium" ! ” "“"""‘"“I""- 3. 0 ± 1 . 0 

Graphite 2.0±1.0 

Coal dust 1. 5±0. 5 

ParaTm 0.6 ±0.6 

Dicvatidiamide 1.0±0. 5 

Moisture 0. 75±0. 7o 


The barium nitrate is coated with the paraffin before the ingredients 
are mixed together and pressed into pellets. The composition is 
requircc to undergo no ignition or explosion when heated at 100° C. 
for 48 hours and to have a density of 1.75 TO. 10 when pressed. 

/. Nitrostarch demolition explosive is sensitive with respect to 
crumbling or breaking action. It does not. explode in the pendulum 
friction test, but does so in the rifle bullet impact test. It is more 
sensitive to initiation than TNT. The sand test indicates it to be 
90 percent as brisant as TXT and the ballistic pendulum test shows 
it to be 96 percent as powerful as TXT. Although it is hygroscopic 
to the extent of 2.1 percent when exposed to air of 90 percent relative 
humidity at 30° C., nitrostarch demolition explosive is of satisfactory 
stability as packed, as shown by long-term storage tests. Its 100° C. 
heat test values indicate it to undergo some volatilization, rather 
than decomposition, in 96 hours at that temperature. In the 75° C. 
international Lest, it loses 1 percent of its weight but shows no signs 
of deterioration. 

g. Daring World War IT, there was used a cratering explosive having 


the Composition Percent 

Ammonium nitrate " 

Dinitrotoluene ^ 

{ 

Rsddye 01 


This inexpensive and easily manufactured explosive is very insensitive 
to shock and initiation, lias a low rate of detonation but high heaving 
force value, and is very stable. As it is somewhat hygroscopic in 
spite of the moistureproofing action of the dinitrotoluene, the explosive 
is packed in hermetically sealed containers. 
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Section VIII 

FOREIGN HIGH EXPLOSIVES 


68. General 

a.. Broadly, the high explosives used by other nations have been the 
same as, or very similar to, those used by the United States. During 
World War II, problems of logistics necessitated some use of substi- 
tutes by the Germans and Italians, in order to achieve maximum 
production of explosive, ami the use of a disproportionately lanrc 
amount of the less desirable explosives by the Japanese. Examples 

arc the use of hexaniirodiphenvlamine by the Germans and picric 
acid instead of TNT by the Japanese. 

A. The earlier development in Germany of explosives, such as lead 
styphnate and tetraccne, lead to the use of priming and detonating 
compositions containing these materials, as well as lead azide and 
mercury fulminate. As in the United States, it was not found prae- 
ticabie to eliminate mernirr fulminate entirely. 

c. World War II saw the use by the United Stales and other nations 

of binary explosives m which TXT was used as a dispersing agent for 

more powerful, less fusible explosives, rather than compositions in 

which TNT was the more powerful ingredient of an explosive mixture. 

Again, problems of logistics sometimes prevented full realization of 

this policy and dictated the use of binary explosives such as amatol 

and hexanilc. The use of aluminized explosives similar to tritonal 

and torpex was general in other countries as well as the United States 

and m some cases, the trend abroad in this direction was even more 
pronounced. 

69. Initial Detonating Agents 

a. Although lead azide was the most important initiating agent used 

by other nations, its high ignition temperature and insensitivity to 

initial ion by percussion nccessil ated the use of more sensitive materials. 

as cover charges, in mixtures, and as ingredients of pruning com- 
positions. ° 

b. The Germans used lead styphnate as a cover charge for lend 
azide and, in some cases, mixed it with lead azide. Such mixtures 
contained 20 to 35 percent of lead styphnate. A mix! ure containing 

percent lead azide and 5 percent tetraccne was used to a limited 
extent. A PETX-lend azide mixture, containing 30 percent PETN 

Pn-nV ^ s b v pbri at e-lead azide mixture containing 10 percent 

1ETN and 30 percent lead styphnate, were also used. While PETN 
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was the usuil base charge for detonators, waxed RDX, a TNT-tetryl 
mixture, and pentolitc also were used for this purpose. 

c Japanese initialing agents were similar to those used by the Ger- 
mans, except: that tetraccne was not used and fewer mixtures were em- 
ployed. Mercury fulminate was used in a few eases. While PETN 
was used extensively as a base charge for detonators, tctryl also was 
used largely for this purpose. 

d. The Italians used lead styphnate as a cover charge for lead azide 
and admixture of the two. Mercury fulminate was used alone to 
some extent. Silver azide was used as an initiator to a slight extent. 
RDX was vsed more extensively than PETN as the base charge for 

detonators. 

70. Priming Compositions 

a. The Germans did not use lead azide in priming compositions. The 
majority of Ihe compositions used were of the mercury fulminate- 
potassium chlorate-ant imony sulfide-abrasive type. Their most stable 
compositions contained lead styphnate as the explosive ingredient and 
calcium sili.nde as the abrasive material. Basic lead picrate, coated 
with lacquey, was used instead of lead styphnate to a certain extent as 
an elect riraly ignited priming composition. Compositions containing 
no explosive ingredient also were used in German ammunition. 
Representative German priming compositions of the several types are 
shown by t able XXXA I. 

Tahk A.YA' 17. German Priming Cu mjwxit ions 


Piwnt 


Lead atyphiu&te- 

Potassium cLJoratu 

Barium nitrate. . 

Caieium filicide 

Antimonv siutide . 

Nitroecllulos-e lacquer 

Carbon . - 

Abrasive^- 

Binder 


25 

4 5 . 


35 

mm mm 

.70 . 

55 

30 

1 3> CH 

1 

45 
15 : 
5 

• 

14 

30 

23 



• 

j 

10. 5 


o 

1. 5 


XoU] ion too ion too too j ioo 


I 


b. Like the Germans, the Japanese and Italians used chiefly priming 
compositions that contained mercury fulminate. They do not appear 
to have used compositions similar to the German lead styphnate and 

non ex plosive ingredient compositions. 

71. Noninitiating High Explosives 



Z5& l » ■ « 


-14 
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et-hylrnediaminc dini irate, 
explosives: 

^ TXT Picric acid Ammonium nitrate 

i KDX (Hexogen) Tetryl C'* 1 

A' ... VT ™ TK (P, ;" ta) j 

C/ J A and amatol were used in the largest amounts in artillery and 
mortar shell, bombs, grenades, mines, anti demolition charges In 
armor-piercing or concrete-piercing shell, the TXT in some cast* was 
desensitized by (lie addition of 3 In 10 percent of wax. The amatols 
used in shell and bombs contained from 30 to 60 port ent, while that 
used in grenades contained 80 percent of ammonium nitrate. A mix- 
ture of equal weights of TXT and RDX, desensitized with 1 to 3 per- 
cent wax and corresponding to composition B, was used in shell. KDX. 
desensitized with 5 to 10 percent wax, was used in shell and rockets’ 
A pen toll te, containing 30 percent PETN and PETX desensitized 
with 3 to 20 percent wax, was used to a lesser extent in shell. Mixtures 
of powdered aluminum with TXT, amatol, and TNT-RDX were used 
for loading bombs and torpedo warheads. Trialen No. 105 was a mix- 
ture containing 70 percent TXT, 15 percent RDX, and 15 percent 
aluminum. In a few cases, powdered zinc was used instead of alumi- 
num. A mixture of hoxanilrodiphenviamine (hexite), TXT, ami 
aluminum was used extensively as a, charge for torpedo warheads 
while hexanite, a mixture containing 40 percent hexite and 00 percent 
IX r, was used ill bombs. Less wide application was made of trini- 
trocldoi benzene in shell and a bomb charge consisting of 90 percent 
ammonium nitrate, 0 percent carbon, and 4 percent mineral matter. 
YY axed PETX and waxed RDX were the booster charges chief lv used 
but picric acid, tetryl, TXT. and 40/00 tetrvlol also were used as 
booster charges. The whole pattern of (be use of high explosives by 
the Germans during World War II reveals their limitations in the con- 
duction of individual explosives ami the necessity for producing as 
many different explosives and applying each as widely as practicable 
b. During World War TI, the Japanese suffered from the same dif- 
ficulties in production as the Germans and used a correspond inglv 
w!dc range of high explosives. Their basic standard explosives weriV- 

^ Cba katsuvaku or Type 92 

. Mein- yakii 

T?TYY aC ^ Oshokayaku or Shimose bakuyaku 

Tan-o-yaku or Sliouyaku 
PETX Shociyaku 


(lie Germans used the billowing higli 


TXT 
Tetrvl 
Picrii* acid 
RDX 
PETX 

Hexa na ti-odiphenylamine 
Trinit roanisok* 
Trinitrophenctole 


Type 9 1 
Keine vaku 


Ammonium nitrate 

Thesis were used as widely as practicable, in spite of (he vesicant 
effect of h exani t rod iphenylam ine and the toxicity of trinifroanisole. 
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Example o:f compositions used bv the Japanese are given in table 
XXXVII. 

Table XXXVII. Japanese Explosives 


\:mtc 


(’lDtII|MjSilUltI 


Vspt3 fn— 


Chanayaku 

Chaoyaku 

Nigotanyaku 

Shotoyabu 

Seigatta or Hype 
97. 

Otsu-B 


Pentoriru 


Type 92 


Onavaku 


Oshivaku 


Angavaku 


HaishokuvaJLa 


Oshitsuyaku 

Typo S)4 

H2K«ngo on 
Type 98 

Shonovaku 

Shoau baku'raku 


70 percent TNT 

30 percent Dinitronaphthalene 

25 percent TNT 

75 percent Picric acid 

50-70 percent TXT 

30-50 percent KDX 

50 percent TXT 

50 percent Ammonium nitrate 

60 percent TXT 

40 percent- Ilexamtrodiphenyl- 
amine 

00 percent TXT 

24 percent Hexanitrodiphemia- 
mine 

16 percent Aluminum powder 
50 |K-rcein TXT 

50 percent PETX 

66 percent TXT 

34 percent Aluminum powder 

50 percent Picric acid 

50 percent DinitronaphthaJenc 

90 percent Picric acid 

10 permit Wax 

25 pertrenl RDX 

75 percent Ammonium nitrate 
85 percenl RDX 
15 percenl Wax 
42 percent 11DX 
50 percent PETX 
8 percent Wax 

17 percent RDX 

77 percent Ammonium perchlorate 
1.5 percent Silicon carbide 
■3.5 percent Paraffin 
80 percent RDX 
20 percent Vegetable oil 
•10 percent R DX 
60 percent Trinil roanisole 
70 percent Trinil roanisole 
30 percent Hexanitrodiphenyla- 
mine 

90 percent Ammonium nitrate 
10 percent Dinitronaphthalene 
79 percent Ammonium nitraie 
10 [HTcent Diititrouaphihalene 
10 percent Sodium chloride 
X percent Sawdust 


Project iles 


Bomlis 


lk»mb>, projectiles, laud 
mines. 

Bombs, projectiles 

Torpedo warheads, 
depth ebarges. 

Torpodo warheads, 
mines, depth charges. 


Machinegnn bullets 
Machinegun bullets 
Projectiles 
Projectiles 
Bombs 

Armor-piercin g projoe- 
I iles. 

Maehinogun bullets 


Demolition blocks 


Demolition rolls 

Torpedo warheads 

Bomb auxiliary boost- 
ers. bombs, sea mines, 
depth charges. 
Projectiles 

i Demnlil ion charges 
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TaMr A A' A' VI /. Jupanexr Explosives — (7 on tinned 


^ CutJifHis.il inn ’ | t* M j j r , 

i 

l 

Ammon vakil Ammonium raitrato | 

Charcoal 

T ype 1 S3 percent Ammonium picralo j Depth charges 

lfi percent Aluminum powder ! 

2 percent Wood pulp 
1 percent Petroleum 

Kari *to Gfi percent Ammonium perchlorate Demolition charges. 

10 percent Silicon carbide mines, depth ehartov. 

j 12 percent Wood pulp 
0 percent Petroleum 

Haensoson-baku- 70 percent Ammonium perchlorate 

yaitu or Type 10 percent Ferrosilicon 

S8 6 percent Wood meal 

' 3 percent Petroleum 

Fntovaku 80 percent Potassium chlorate j Demolition charges. 

. 10 percent Dinitrotoluene ■ grenades, mortar pro- 

1 -1 percent Castor bean oil jeetiles. 

Fnnayaku . 80 percent Potassium chlorate 

| 15 percent Mononit ro toluene 
5 percent Castor bean oil 

The number of markedly differed ( compositions used for a single 
purpose indicates the necessity under winch the Japanese labored 'to 
ulilize every tiling available having explosive value. Technical inves- 
tigation after World War TT indicated I hat the Japanese explosives 
industry made no significant advances during the war period. 

c. The military economy of Italy, because of the lack of coal 
deposits, was built around its chemical rather than its coal tar indus- 
try. In the period prior to W orld War II, TETlC and KDX (desig- 
nated as T -4) were developed on this basis as major military explosives. 
While TNT was used as extensively as possible, its limited availability 
necessitated the maximum use of other explosives. DEGN (diethyl- 
eneglvcol dinitrate) was used in high explosives as well as propellants. 
An example of this is the Italian plastic explosive consisting of — 


KDX 

DEGX__ .... 

Petroleum jelly 


PctcoH 

78. 5 

*17. o 

4 


Total. __ 100 

•Contains (1.3 to f>.4 percent of i’oUodiou nitrocellulose. 

A mixture containing 60 percent picric acid and 40 percent TXT 
designated as MAT, a modified triditc composition designated as 
MPT, and mixtures containing triniti-onaphthalene were used for 
loading artilleiy projectiles. 
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72 . Explosives of Special Interest 

a. Hemniirodiph^ny famine {Hexiie). 
(1) This compound, 


H 



no 2 no 2 
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can be obtained by the nitration of diphenyhmime, but a more practi- 
cal process involves the condensation of aniline with 2,4-dinit rorhlor- 
bcnzenc to form 2 ,4-dini t rodi ph e ny lam ine and nitration of the 
condensation product to the hexanilro compound. The availability 
of this explosive from benzene derivatives has made it of interest 
when limitation of the toluene supply results in a shortage of TXT. 

(2) The pure compound forms yellow needles, which melt with 
decomposition at 243.5° to 244.5° C., are readily soluble 
in acetone and warm acetic acid, fairly soluble in ethanol, 
sparingly soluble in ether, and insoluble in water or chloro- 
form. As ordinarily manufactured, it is brownish yellow 
and melts at 240° to 245° O. The crystal density of t lie- 
compound is 1.053 and its heat of combustion at constant 
pressure is 3,001 calories per gram. Chemically the com- 
pound acts as a pseudo acid. It is soluble in aqueous alka- 
lies, except potassium hydroxide, to form metallic salts. 
The potassium salt is insoluble in water. Hexite is a power- 
ful vesicant and injurious to the mucous membranes. 

(3) TTexite (hoxauitrodiphenylamine) is more like tetryl than 
TXT, with respect to sensitivity and brisance, intermediate 
between these with respect to power, and more like 1X T T 
than tetryl, with respect to stnbilily. 

b . Hexanite. Ilexanite, called Xovit by the Germans, Is a mixture 
containing 60 percent TXT and 40 percent of hexite. It is slightly 
superior to TXT with respect to brisance and power, and comparable 
with TXT with respect to sensitivity and stability. The only signif- 
icant advantage offered by hexanite is the lessened demand for TX T 


resulting from its use. 

c. Sch iesswoHf IS (TSM V 1-101). Aluminized hexanite, called 
Sehiesswolle 18 and TSMV 1-101 by the Germans, is a mixture 


containing 60 percent TXT, 24 percent hexite, and 16 percent pow- 
dered aluminum. As il has a blast effect greater than I hat of tritonal. 


it was used extensively in loading torpedo warheads. 
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rf. Minol. Minol is a castable mixture containing 40 perron i 
TNT, 40 percent ammonium nitrate, and 20 percent powdered alumi- 
num. It may be consi<le.rcd to 50—50 amatol, to which has been added 
25 percent of aluminum; arid it therefore offers the advantage of 
ready availability with relatively small demand on the supply of TXT. 
It is as sensitive to initiation as TXT or tritonal, but more sensitive 
to shock. With a rate of detonation of only 6,000 meters per second 
at a density of 1.70, it is distinctly less brisant than tritonal, or TXT 
Ballistic mortar tests show minol to be considerably more power- 
ful than tritonal or TNT, and this is evident also from its greater 
blast and shock effects. While the thermal stability of minol is 
comparable with that of tritonal and amatol, the presence of moisture 
causes reaction between its ammonium nitrate and aluminum, with 
the liberation of gaseous products of reaction. 

e. Ammonal. Ammonal is a castable composition, containing 67 
percent TXT, 22 percent ammonium nitrate, and 11 percent powdered 
aluminum, developed in the United Slates during World War I. 
During that war, the Germans used a press-loaded composition 
containing 30 percent TXT, 54 percent ammonium nitrate, and 16 
percent aluminum. The ammonals, forerunners of minol, were used 
in shell for their fragmentation effects. As they are inferior to minol 
with respect to blast and shock effects and less br isant than composi- 
tion B or ppntolite, the ammonals offer no advantages for use in 
connection with modern techniques of warfare. 

f. Tridite. Tridite is a mixture containing 80 percent picric acid 

and 20 percent dinitrophcnol. During World War II, Ihc British 

used a mixture containing 70 percent picric acid and 30 percent 

dinitrophcnol, termed nellite, in shell and arm or -piercing bombs. A 

60/40 mixture, designated MBT. was used by the Italians for loading 

shell; and the same mixture, designated DD, was used by the French 

for loading shell and bombs. All three mixtures are suitable for 

melt -loading at temperatures below 100° C. and therefore represent 

an improvement over the melt -loading of picric acid. Tridite is 

slightly inferior to picric acid as an explosive, and dinitrophcnol is 

somewhat objectionable because of toxicity. With the modern trend 

away from the use of picric acid, tridite has lx* on used with less fre- 
quency. 

g. Trimomte. Trimonite, a castable mixture consisting 0 f 88 per- 
cent picric acid and 12 percent a-niononitronaphthalene, was developed 
as an improvement on tridite, to avoid the undesirable characteristics 
of dinitrophcnol. Because of the low eutectic temperature of the 
mixture (46.7° C.), it is subject to exudation when stored at elevated 
temperatures. Tt is less sensitive to initiation and less brisant than 
picric acid and is of interest only as an emergency substitute for TXT 

compositions. The French used a mixture containing only 70 percent 
picric acid d uring W orld War II. 
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h. Dietkyleneglyad Dinitrate, Dinit rodigiycol or DEGN. 

(1) This is a liquid aliphatic nitrate having the structure and a 



CH 2 CHa-O-NOj 


CH 2 CHa-0-N0 2 
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molecular weight of 196.12 that was used in propellent 
compositions by the Germans during World War II. It was 
first described in 1927 by Rinkenbach. Propellants based 
on it and nitrocellulose develop relatively low temperatures 
and cause relatively little erosion of guns, but are unduly 
volatile. 

(2) DEGN boils at 160° C. when heated rapidly. When cooled, 
it solidifies to a stable form that melts at 2° C. or to a labile 
form having a melting point of —10.9° C. It has a specific 

gravity of 1.385 — and a refractive index of 1.4517 at 20° C. 

with sodium light. At 20° and 60° C., its vapor pressure is 
0.0036 and 0.130 nun of mercury, respectively. At 60° C. 
DEGN has a volatility of 0.1 9 milligram per square centimeter 
per hour, as compared with 0.1 1 milligram for nitroglycerin. 
It is much less viscous than nitroglycerin, having a viscosity 
of 3.1 centipoises at 20° C. At constant pressure, DEGN has 
a beat of combustion of 2,792 calories per gram, from which 
is calculated a heat of formation value of 103.52 kilogram- 
calories per mole. DEGN is miscible with ether, acetone, 
chloroform, benzene, nitrobenzene, glacial acetic acid, and 
nitroglycerin. It is immiscible with or slightly soluble in 
ethanol, carbon tetrachloride, and carbon disulfide. Its sol- 
ubility in water at 25° and 60° C. is 0.40 and 0.46 gram, 
respectively, per 100 grams. It is colliding agent for 
nitrocellulose. DEGN resembles nitroglycerin, with respect 
to chemical reactivity, but is less subject to hydrolysis and 
is not readily saponified by alcoholic sodium hydroxide. 

(3) DEGN can he manufactured with a yield of approximately 
85 percent of the theoretical by adding diethylene glycol to 
mixed acid containing approximately 50.3 percent nitric acid, 
44 7 percent sulfuric acid, and 5.0 percent water. The tem- 
perature of the mixture is kept at 30° C. or less. The spent 
at "id is verv unstable and “fumes off’’ if heated or allowed to 
stand for a few hours. The separated DEGN is purified by 
washing with successive portions of water, dilute sodium 
carbonate solution, and water until neutral. Its purity is 
dependent chiefly on the purity of the dietbylencglyeol used 
in its manufacture. 
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(4) DEGX is much loss sensitive to impact than nitroglycerin , 
but explodes in the pendulum friction test. Its explosion 
temperature test value of 237° C. is slightly higher than that 
of nitroglycerin (222° C.). The brisance of DEGX. as 
Judged by the modified sand test, is equal to that- of TXT 
and 81 percent that of nit roglycerin, its rate of detonation 
(6,800 meters per second) is very similar to that of TXT. 
Trauzl lead block and ballistic pendulum tests indicate 
DEGX to be 144 and 127 percent, respectively, as powerful 
as TXT and 77 and 90 percent, respectively, as powerful os 
nitroglycerin. Vacuum stability tests show DEGX to be 
much more stable than nitroglycerin at 100° C., and it with- 
stands long-term storage at ordinary temperatures when free 
from acid i tv. 

(5) The toxicity effects of DEGN are comparable with those of 
nitroglycerin, but there is some evidence that, fewer individ- 
uals are affected t han in the case of nitroglycerin. Inhalation 
of the vapor or absorption of the liquid through the skin can 
result in a violent headache. 

i. Elhyhnediamine. Dinitraie {FDD). 

(1) This is a molecular compound, (CHj.XfL IIX0 3 ) 2 , readily 
formed by neutralizing cthylencdiamine with nitric acid, 
that was used by the Germans during World War II. It 
was used to a limited extent as a bursting charge. It forms 

are readily soluble in water and are 
somewhat hygroscopic. An aqueous solution of ED D is 
distinctly acid. The compound lias a molecular weight of 
186.132 and a heat of combustion of 1,999.8 calories per gram 
at constant pressure. It can be pressed to a density of at 
least 1,525. 

(2) EDD is more sensitive to shock than TXT, having impact 
lest values of 9 inches and 75 centimeters, respectively, with 
the Picatinny and Bureau of Mines apparatuses; but it is less 
sensitive to initiation than 1 XT, since i( requires a minimum 
detonating charge of 0.10 gram of telryl in the sand test. 
The explosion temperature test value or EDD is 445° C., as 
compared with 475° C. for TXT. The sand test indicates 
EDD to be 96 percent as brisanl as TNT, and their plate 
dent test values are practically the same. EDD is indicated 
to be 112 and 125 percent as powerful as TNT by the ballist io 
pendulum and Trauzl lead block tests, respectively. As 
judged by the 120° C. vacuum stability test, EDD is less 
stable than letryl, but its value of 5 milliliters of gas docs not 
indicate poor stability. 
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(3) Because of its solubility, hygroscopic! ty, and acidity charac- 
teristics, EDD is not very satisfactory for use as a military 
explosive and is an inferior substitute for TNT. 
j. TetranDrocarba-zole (TA'O. 

(1) Teilrani trocar bazolc is an explosive material produced by the 
nitration of carbazole: 
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T1jl‘ main isomer formed is the 1 ,3,6,8 derivative, together 
wi .li probably some of the 2 ,3, 6 , 8 compound. It has a mo- 
lecular weight, of 283.20. The Germans used it in pyro- 
technic compositions during World War II. 

(2) As produced, TNG is a crystalline material that melts at 
3 (iH»° C. and is insoluble in water, ethanol, ether, benzene, 
and carbon tetrachloride. It is only slightly soluble in 
acetone and fairly soluble in nitrobenzene. It is nonhygro- 

SC'»pie. 

(3) TOC is slightly less sensitive to impact than explosive “D 
hairing an impact test value of 18 inches with the Picatinny 
apparatus. Its explosion temperature t<*sl value (470° C.) 
is almost identical with that of TXT, but it docs not defla- 
grate in the test as does TNT. The sand test indicates TNG 
tai be 87 percen 1 as brisan L as TNT. It is as st able as TX I 
and explosive “D,” as indicated by vacuum stability tests 
at: 100° and 120° C. 

(4) Siince TX r C is not markedly superior to TXT or explosive 
“ID,” it, is suitable for only highly specialized uses. 
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SECTION IX 

PROPERTIES AND TESTS OF PROPELLANTS 


73. Colloidal Structure 

a. The use of black powder as a propellant in (lie form of a dust or 
line powder permitted only the most rudimentary control of its bal- 
listic effects. Granulation of the powder as a coarse powder and later 
as cubical or lozenge-sliaped grains resulted in greater velocity and 
range of the projectile. Rodman's discovery (hat the rate of release 
of energy by black powder can be controlled by the form and den si tv 
of I lie powder grain led to pressing of the powder inlo larger grains of 
definite geometrical form. This permitted the development in a gait 
of a relatively low maximum pressure over a longer period of time 
than when fine powder was used. 

b. Similarly, the first substitution of nitrocellulose for black powder 
as a propellant involved its use in a fibrous form, similar to that of 
the cotton from which it was made. Since nitrocellulose has a greater 
heat of explosion than black powder and can undergo detonation as 
w ell as burning, such use led to damaging explosions in guns. In 1884, 
\ieille found that nitrocellulose could be added to a mixture of ether 
and ethanol and kneaded to form a plastic mass. This could be rolled 
into thin sheets, cut into small squares, and dried, so as to he essen- 
tially free from the solvent. The use of such colloidcd nitrocellulose 
permitted the same control of burning rate that the pressing of black 
powder into grains had accomplished. The Schultze and E. C. pro- 
pellants developed in 1870 and 1882, respectively, had involved onlv 
parlial gclatinizalion of the nitrocellulose present in the compositions 
and the burning of these could not be controlled sufficiently to permit 
their use in rifled guns. In 1888, Nobel invented ballistite, a propel- 
lant in w hich the soluble nitrocellulose was gelatinized by nitroglycerin 
instead of a volatile solvent (hat later had to be removed. In 1880. 
Kellner and Abel invented cordite, a second double-base propellant 
the insoluble nitrocellulose of which was gelatinized by nitroglycerin 
and acetone. Since then, there have been introduced a number ol 
nonexplosive and nonvolatile gelatinizing agents which serve also as 
stabilizers, moist ure proofing agents, or burning rate deterrents. 

c. Nitrocellulose is not soluble in the various gelatinizing agents 
used in propellants, but is dispersed in the form of colloidal particles, 
which do not consolidate into macroparticles when essentiallv all of 
any volatile solvent present is removed. If nitrocellulose, which has 
a nitrogen content of 12.6 percent (pyroccllulose), is treated with 2:1 
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ether-ethanol mixture, complete dispersion takes place and evapora- 
tion of the solvent leaves a clear, tough film or grain that is free of 
visible solid particles when examined under the most powerful micro- 
scof>e. Nitrocellulose, which has a nitrogen content of 18.3 percent, 
cannot be dispersed completely by means of the 2:1 ether-ethanol 
mixture, a small portion of the material being only softened and swollen 
by the solvent. Acetone, nitroglycerin, dibutylphthalate, and other 
materials disperse to the colloidal state the portion of the nitrocellulose 
undispersed by the 2:1 ether-ethanol mixture; and the use of such 
agents results in the production of a structure similar to that obtained 
with pyroccllulose and the 2:1 ether-elhanol mixture. If a relatively 
dilute "solution" of nitrocellulose in a gelatinizing agent is added 
gradually to water, the nitrocellulose is precipitated as a fine powder 
of fibrous structure. Each particle of powder represents the aggrega- 
tion of many of the colloidal particles previously dispersed in the 
liquid. 

d. Camphor is an excellent gelatinizing agent for nitrocellulose, it 
being used for this purpose in the manufacture of celluloid. It is, 
however, too volatile for use in military propellants. Other solids, 
such as d in itro toluene and the stabilizers ethylphenylm ethane and 
centralite, are efficient gelatinizing agents when dissolved in liquids, 
which may have no gelatinizing action. In addition to volatile sol- 

f vents and nitroglycerin, some nonvolatile liquid gelatinizing agents 
i used in the United Slates are — 

Dibutylphthalate CeH^CO.O.CiHa^ 

Dielhvlphthatate CcHj(CO.O.CjH 3 ) s 

Triaeet-in - C ;( Hi(O.OC.CHs)s 

j. In Germany and Italy additional gelatinizers used included — 

Dietbvlcneglycol dhutrate (l)KGX). 0(CHj.CHaNOs)s 

Metriol Irinitralc CHji.C(CHa.NQOi 

Many other liquid gelatinizing agents arc available but less desirable 
for economic or logistic reasons or the possession of unsuit able physical 
characteristics. Among these are the esters of sebacic, succinic, 
citric, and tartaric acids. 

e. Numerous methods have been used for determining the com- 
pleteness of dispersion of the nitrocellulose in a colloid and the relative 
effectiveness of gelatinizing agents ; but none has been standardized. 
Examination of a thin slice of many propellants under a high-power 
microscope, particularly with the aid of polarized light, generally 
suffices to reveal any undispersed material. Comparisons of the 
relative gelatinizing action of materials can he made by dissolving the 
material in a nongelatinizing liquid, such as benzene, toluene, or 
ethanol, immersing a few fibers of nitrocellulose, and observing under 
a microscope the rapidity and completeness of dispersion of the 
nitrocellulose. A more quantitative method is to use varying amounts 
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of the material in a fixed volume of liquid that lias no gelatinizing 
a< tion and determine the minimum quantity of added gelatinizing 
npent that will yield a dear colloid with I gram of nitrocellulose when 
the volatile solvent has been removed by evaporation. 

74. Physical Forms 

a. A propellant undergoes autocom bust ion only on the surface, 
the burning progr.-ssing as if the propellant consisted of very thii, 
layers, each of which burns ami ignites the next layer. If burning 
takes place under conditions of constant pressure, this progresses 
through successive layers at a linear rate peculiar to the composition. 
The total surface available for burning and the time required for 
burning arc determined by linear rate, initial burning surface, and any 
change in area of burning surface as burning progresses. If is bv 
controlling the mass-rate of burning of a propellent charge, through 
control of physical form, that the ballistic effect of a propellent charge 
is determined ami kept within certain limits. A powder grain is an\ 
individual particle or mass of the propellent composition, and the 
propellent churge is the total weight of the grains used in a weapon. 

b. Numerous forms of powder grains have been utilized, the most 
important of which are shown by figure 71. The most important 
dimension of these grains is the “web” thickness or minimum distance 
betw ecu any two adjacent surfaces of I he grain. In a cord, t he diameter 
is the web thickness and a single perforated grain has but one web 
thickness; but a multi perforated grain has inner and outer web thick- 
nesses (fig. 72). which may be equal or different. The development 
of propellants for rockets, the burning of which must progress under 
different conditions than those of a propellant in a gun. has led to the 
use of additional forms of grains shown by figure 7:1. 

c. The best form of powder grain from a ballistic viewpoint is that 
which, with «l.e smallest weight of charge, will impart the prescribed 
velocity to a projectile or rocket without developing a pressure greater 
than the maximum permitted. The uniformity of the ballistic effort 
must also be taken into account in this connection. As strips and 
von\s burn, the burning surface decreases continuously until the grain 
is consumed. Such grains »«rc said to burn <hgre*«irfiy (fig. 74). A 
single perforated grain burns in two opposing directions ami the 
initial diameter of the perforation can be controlled so thal. the total 
burning surface changes but little during burning. Such a grain i‘ 
said to have nearly neutral burning characteristics. A triperforated 
gram can be designed so that the burning surface aetuailv increase* 
until burning is nearly completed and dicers are formed. Such a 
gram is said to burn in-ogres* rely, and this characteristic can be made 
more pronounced if the grain is multiperforated. 

<!. European nations have favored the use of single perforation, 
stnp. and cord propellants (figs. 75 and 70). The Imred States Army 
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74- Burning of grains of propellant. 













(3) Tilt? difference between the average outer web thickness 
(WY) and the average inner web thickness (W,) of mult i- 
perrforated powder is not more than 15 percent of the average 
web thickness (W»). 

j. Average grain dimensions are determined with great care when a 
lot of powdner is olfered for acceptance. The average length of each 
of 30 grains is determined by means of a micrometer accurate to 0.001 
inch and the values for all the grains are averaged. Grain diameter, 
perforation diameter, and web thickness values for 30 grains are 
determined by means of a measuring microscope having a magnifi- 
cation of approximately 25 diameters and capable of giving measure- 
ments accurate to 0.001 inch. The average values are calculated from 
the values far each grain and the above ratios are calculated from the 
average valines. 

k . The wide variety of weapons in which propellants are used 
requires that- powder grains be used with a correspondingly wide 
variation ini. size as well as form. Figure 77 shows the relative grain 
sizes of powder grains useei in artillery w eapons. Powder grains user! 
in rockets ane considerably larger than those for artillery. 

75. Ignitibiility 

a. A charge of propellant in a powder chamber or rocket motor is 
ignited by suddenly filling the voids between and the perforations in 
the powder pains of the charge with flaming gas and hot, solid parti- 
cles. 'Tills accomplishes the ignition of all the exposed surfaces of the 
grains and ^insures uniform burning of all the grains comprising the 
charge. In small arms, a primer mixture that is sensitive to percussion 
is used for ignition. Mortar charges are ignited by a small quantity 
of double-base propellant loaded in cartridges and ignited, in turn, 
in the same maimer as small amis and shotgun charges. Black 
powder is used as the ignition material for artillery and rocket pro- 
pellants. In artillery rounds, the black powder is loaded in metal 
tubes having many perforations of the walls or in cloth bags sewed 
to the base 1 of the bag holding the propellent charge. Rocket pro- 
pellants are* ignited by black powder charges, frequently loaded in 
flat, plastic cases and placed at the front end of the rocket motor. 

b . Black powder has been found by experiment to be a more 
efficient igndtion material for nitrocellulose propellants than the finely 
divided propellants themselves. This is ascribed to the large amount 
of radiant heal energy in black powder gases emitted by the incan- 
descent, solfrl particles of potassium compounds that arc present. 

c. The igrnitibiliiy of a propellant is determined by its composition 
and energy content. In general, the greater the energy content of a 
composition!, the greater is its ignitibility. Experiments have shown 
the following: 

(1) lu**rcfisc in the nitrogen content of the nitrocellulose present 
ctmises slight increase in ignitibility. 
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(2) The substitution of nitroglycerin for part, of the nitrocellulose 
in a composition increases ignitibility to a marked extent. 

(3) The inclusion of an inert gelatinizing agent, such as dibutyl- 
phthalate or triacetin, in a propellent composition results 
in decrease in ignitibility. 

(4) The inclusion of TXT or dinllrotoluene in a composition 
causes measurable decrease in ignitibility. 

(5) The inclusion of 5 percent or less of potassium nitrate in 
a composition causes significant increase in ignitibility. 

(6) The presence of a coaling of graphite on a propellant causes 
retardation of ignition. 

d. Tn some cases, it is desirable that the initial part of the burning 
of a propellant take place with a burning rate less than that of the 
composition to be used. This can be accomplished by the applica- 
tion to the powder grain of a coating of a deterrent, such as dinitro- 
toluene or centralite. The deterrent is chosen so as to have a 
moistureproofing effect and a melting point less than 100° C. The 
coating then is applied, without heating to excessive temperature, 
by tumbling the dried powder with the molten deterrent in a steam- 
healed “sweetie-barrel." The coating so applied is less ignitible 
than the propellent composition and burns more slowly. 

e. No test for determining the relative ignitibility of propellent 
compositions has been standardized; but comparative values have 
been obtained bv a variety of methods. One consists of determining 
the minimum pressure of a gas mixture that will ignite a sample of 
powder of a certain granulation when the gas is ignited by an electric 
spark. The gas mixture used has a composition equivalent to two 
molecules of hydrogen, one molecule of oxygen, and one molecule of 
nitrogen. The greater the pressure required, the less ignitible is the 
composition. Another method consists of suddenly exposing a sample 
of propellant to a fixed volume of gas at a temperature of approxi- 
mately 1,800° C. and, by means of a pressure gage and recorder, 
determining the lime interval between such exposure and beginning 
of burning of the propellant. The greater the time interval, the less 
ignitable is the composition. Comparative values for standard 
compositions, obtained by testing by the first method, are given in 
table XXXVIII. A value for black powder is included for compari- 
son. A test for determining; the relative ignitibility of propellant 
grains has recently been standardized at Picatinny Arsenal. 

f. In the practical use of propellants, complete ignition of [he pro- 
pellant charge must be assured; and this requires careful design of the 
igniting ekaigc. A charge of priming composition or black powder 
that is entirely adequate for the uniform ignition of a standard powder 
charge may be inadequate if the composition of the propellant 
changed. An example of this was observed when the less ignitible 
Ml powder replaced pyroeellulose powder in artillery ammunition. 
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The use of larger charges of black powder in longer primers resulted 
in uniform ignition of the Ml powder and correspondingly uniform 

maximum pressure and velocity effects. 

g. The initial temperature of a propellant composition has consider- 
able effect on its ignitibility, the ignitibility decreasing with decrease 
in temperature. As the effect on the burning rale index of the com- 
position is similar, firing of a propellent charge at a lower than standard 
temperature results in low velocity and pressure effects. When the 
charge is fired with a higher than standard temperature, high velocity 
and pressure effects are obtained. 

76. Burning Rates 

a. Propellent compositions burn at characteristic linear ratos, which 
are affected by the initial temperature and the pressure under which 
burning takes place. Increase in pressure or initial temperature 
generally causes increase in the characteristic burning rate of a com- 
position. If a powder is burned under confinement, the resulting 
increase in pressure causes rapid acceleration of the rate, of burning. 

b. When compositions used in artillery are granulated, the form of 
the grain, as well as the characteristic burning rate, determines the 
time required for complete burning, or relative “quickness” values, of 
the propellants as such. 

c. The pressure effects of burning a typical artillery propellant in a 
bomb are shown by figure 78. After ignition, acceleration of the 
burning rate takes place, due to the production of pressure. At first, 
this acceleration per unit increase in pressure is relatively small and 
is represented by a in the equation : 

U^a + br 

where R is the rate of burning at a given initial temperature, b is the 
acceleration in burning rate per unit increase in pressure at the higher 
pressures produced, and P is pressure in pounds per square inch. 
After a certain pressure has been produced, the rate of acceleration of 
the burning velocity increases rapidly to the constant value b, which 
is maintained until all of the powder has been consumed. Ibis is 
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Figure 78. Presstoe produced by propellant inn wed in a bomb. 

sliown by (.he straight or nearly straight portion of the curve. The 
value b, termed the burning velocity index, is characteristic of the 
composition. It is of major importance in the burning of artillery 
powders, while (he value a is of negligible importance. Tests of such 
powders m a bomb are so representative of artillery firings that bomb 
tests can he used with experimental compositions and in partial sub- 
stitution for proof tests of propellants. On the other hand, since 
rockets operate with relatively low maximum pressures, the charac- 
teristic a of rocket powders is of major importance. The burning 
rate of a propellant composition can be expressed also by the equation : 

where c and n are empirical const ants characteristic of the composition. 

d. Solid rocket propellants, being required to function under steady- 
state pressure conditions much lower than the maximum pressures 
under which cannon powders burn, have maximum burning rates in 
use that are correspondingly lower than those of cannon powders. 
The range of burning rat es of solid rocket propellants under a pressure 
of 2,000 psi is about 1 to 2 inches per second. When the propellent 
charge of a rocket is ignited, the subsequent increase in pressure with- 
in the chamber is quite rapid, generally requiring less than 0.05 second 
to reach it s maximum. Thereafter, the rat c of burning of the propellant 
remains quite constant, because the pressure is nearly constant until 
the charge is nearly consumed. The rates of burning of propellent 
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compositions for rockets are comparable with those of propellent 
compositions used in artillery; and in some cases the compositions 
themselves arc not dissimilar. 

e. Increase in the initial temperature of ft propellent composition 
causes increase in the burning rate of the composition as shown by 
table XXXTX. 

Table XXXIX . T'fferl ■>{ Temptrai art: on Hunting Hale 
Composition TcmptTuturc, °C | 

I ~\ 

M2 0 26 x It)" 5 

25 29 x ID -5 

j 58. 5 34 x 10 _0 

M9 j t> j 39x10-5 

j 25 43 x 10-5 

58. 5 47 x to 4 

Decrease in burning rate because of decrease in initial temperature 
results in decreased pressures and, because of difficulty in achieving 
satisfactory ignition, frequently results in increase in the variation of 
projectile velocity. The effects of changes in the initial temperature 
of rocket propellants are more pronounced Ilian in the case of cannon 
propellants. One reason for this is that the performance of a weapon 
that operates at a constant pressure, such as a rocket, is much more 
affected by slight changes in the rate of burning than is that- of a 
weapon operating under conditions of increasing pressure, as does a 
cannon. 

77. Ballistic Effects 

a. General. The autocombustion of a solid propellent charge in a 
weapon represents the conversion of a solid into a gas, the liberation 
of energy, and the development of much gas pressure. The considera- 
tions that deal with the rale of energy release, the total quantity 
released, the temperature and pressure developed, and the velocity 
imparted to the projectile or rocket constitute the field of inlerior 
ballistics. As the use of propellants in rockets differs somewhat 
from that of propellants in cannon, mortars, and small arms, the 
interior ballistic aspects of rocket propellants will be considered 
separately. 

b. Weapon a 

(1) When fired in a cannon or similar weapon, the potential 
thermal energy of a propcllanL is partially converted into 
kinetic energy of the projectile. The proportion of the total 
available energy that can be communicated to the projectile 
is limited by the length of travel of the projectile in the gun 
tul>c and energy losses through friction, heat conductance. 
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barrel expansion, etc. Figure 70 shows a representative 
pressure-travel curve for a projectile in a cannon. Tin* 
maximum pressure is reached at point A, the distance of 
this from the powder chamber being determined partly bv 
the form and consequent burning characteristics of the pow- 
der grain. The more progressively the powder burns, tin* 
further A will be from the powder chamber. With maxi- 
mum pressure at point A, a higher velocity is obtainable 
at, a lower pressure than would be the case if the same 
weight of powder was consumed in the powder chamber. 
This is apparent also from figure 80, which shows pressure- 
travel curves for t hree types of grains. 

A ^-PEAK pressure 
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Figure 79. Pressure travei curve for a projectile in a gun. 

(2) Both the pressure in the gun tube and the velocity of the 
projectile increase directly, with increase in weight of pow der 
of a given granulation used, until a critical point is reached. 
Beyond this point, a further increase in weight of powder 
charge causes a very sharp increase in maxim um pressure 
but no corresponding increase in velocity of the project ile. 
This is known as the point of “pressure break.” For satis- 
factorily uniform ballistic effects, the web of the powder 
giain must be such as to give the desired projectile velocity 
well below the point of pressure break. 

(3) Since the energy of a propellant is almost completely con- 
verted to heat during burning, the heat of explosion is a 
good indication of the ballistic potential of a propellant. 

1 he work the propellant can do can be expressed as — 

W =ii RT 
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Figure SO. Pressure-tt nvel curves for three types of projtelfent grains. 

Where VT is work in foot-pounds per pound 
n is moles of gas j»er unit weight 
/ 1 is the gas constant- (2,782) 

T is the isoehoric flame temperature 
From the equation, it can be seen that the volume of gas 
produced is of considerable importance as well as the heat 
liberated. An example of this is the equal work values 
of the pyrocellulosc and Ml 5 compositions, which have 
heat of explosion values of S61 and 800 calories per gram 
and gas volume values of 0.04106 and 0.04640 mole per 
gram, respectively. 

(4) The kinetic energy of the projectile is represented by the 
area under the curve in figure 79, multi pik'd by the cross- 
sectional area of the projectile. This is equal to— 

\V=%m& 

Where W is the work performed 

m is the mass of the projectile 
v is the velocity of the projectile 
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Fi'om this, the weight of propellent charge, and the energy 

value of the composition, the efficiency of the weapon can 
he calculated. 
c. Rockfis 

(1) Solid propellants for rockets are primarily of two types 
The more common type is a double-base composition 
consisting principally of a colloid ed mixture of nitrocellulose 
atid nitroglycerin. The other type consists of a heterogene- 
ous mixture of an organic fuel, an inorganic oxidizing agent, 
and a binding agent. In either wise, the mode of burning 

and the limitations under which the contritions are used 
are the same. 

(2) Most rocket motors are constructed to accommodate maxi- 
mum pressures developed by the propellants of the order 
of 3,500 psi. "ft hen the propellent charge is ignited, the 
pressure within the rocket chamber generally increases 
within 0.005 lo 0.05 second to a maximum value determined 
by the burning rate of the propellant and the diameter of 
the nozzle orifice. Thereafter, the charge burns at a nearly 
constant rate and the steady -si ale pressure is maintained 
constant or decreases very slowly until the propellant is 
completely consumed. The time required for complete 

ttiay vary from a. fraction of a second to a 
minute or more. I he limitations on maximum pressure 
are governed by the strength of the rocket motor and the 
maximum mass rate of gas discharge that can be permitted 
for a given end use. The pressures within the motor can 
be changed readily by changes in powder composition, 

burning surface area, and ratio of nozzle area lo burning 
surface area. 

(3) It has been found that each propellent composition has a 
critical pressure below which it burns nonuniformly and 
gives erratic ballistic effects, and a higher critical pressure 
above which it burns in an unpredictable manner and 
often ruptures the motor by apparent detonation. A com- 
parison of the critical pressure values of several types oi 

composition is afforded by the approximate values given 
in table XL. 

Table XL. Critical Pressure Values of Rocket Propellants 


Type of etmijKisrtion 

Doiiblr-bnse 

CoTnjx><iU‘ __ 

Siri£lo-ba.<c_ 

*Not -established. 


Cairir.il ]i retire, |xsi :i| 2.5° C. 

Cpprr 

mo 800 4,000 12.0011 

HKI-400 2.500 5, 000 

5,0 00 : (*) 
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The very high lower critical pressure value of single-base 
powder precludes the use of such a composition in rockets. 

(4) The transformation of beat energy into kinetic energy of flow 
causes a force to act in a direction opposite to the flow of the 
exhaust gases from a rocket motor. This force, termed 
thrust, is a function primarily of the velocity at which the 
gases leave the rocket nozzle and the weight of the gases and 
is independent of the velocity of flight. Thrust is expressed 
in pounds. In order to develop a high thrust value, there 
must be employed a grain or charge with a large burning 
surface, so that a high rate of mass flow is realized. 

(5) The duration of burning of a rocket propellent charge, most 
of which occurs under steady-slate pressure, is determined 
by the web of the grain and its burning rate. In order to 
obtain long duration of thrust, only a small proportion of the 
propellant can bum in unit time. Since the combustion 
chamber of a rocket has fixed dimensions and capacity for 
propellant, the thrust may he made great but of short dura- 
tion or vice versa if the lower and upper critical pressure limits 
and the bursting pressure of the rocket are not exceeded. 
The product of force and duration is termed impulse and is 
expressed as pound-seconds. This may be used for com- 
paring different, as well as equal, weights of charge. 

(6) The impulse per unit weight of propellant is termed the 
■specific -impulse and is expressed in pound-seconds per pound 
of propellant. It may be considered as the pounds of thrust 
developed per pound of propellant consumed per second and 
can be used for comparison of propellent compositions. Il is 
known also as the performance index. As the space in a 
rocket motor available for the propellant is limited, the den- 
sity of the propellant is important and specific impulse may 
be calculated on both a unit weight and unit volume basis. 
Table XLI gives comparative specific impulse values for 
various propellent compositions used in rockets. 

TabU XLI . Specific Impulse Values of Propellent Compositions 

n - Specific impulse, 

Propellent composition H Ib-sec-Sb 


M7 . 
Ml 3.. 
T2 ... 

T5 
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It is to bo noted that the specific impulse values for propel- 
lent compositions do not take into account the weight of the 


motor and therefore are of value only in comparing one pro- 
pellant. with another. 


The effect of initial temperature on the rate of burning of a 
World War II rocket propellant is much more pronounced 
than in the case of cannon propellants. Decrease in initial 
temperature causes marked decrease in burning rate and in 
the maximum pressure obtained. The results of compara- 
tive tests at various temperatures are given in table XLJl. 


Table XLII. Effects of Initial Temperatures on Burning Characteristics of a Work t 

War II Rocket Propellant 



As the impulse is about the same iu each case, change in 
initial temperature does not materially affect the range of 
the rocket. The velocity of the rocket and its ballistics may 
be affected by change iu initial temperature, so that uniform- 
ity is poorer at low and high temperatures than at normal 
temperature. Furthermore, if rockets are to be fired on some 
occasions at relatively high initial temperatures, a heavier 
motor must be provided to withstand the high pressures 
developed during such firings. The need to provide a heavy 
motor to permit high temperature firings limits the velocities 
that can be developed at lower pressures. For this reason, 
every effort is made to utilize propellent compositions having 
low temperature sensitivity. One of the chief advantages 
of the recently developed propellants, such as the T !> 
composition, is their very low temperature sensitivity as 
compared with that of the earlier rocket propellants 
containing nit rogl veerin . 

(8) In addition to the effects of change in initial temperature 
resulting from changes in chemical reaction rates, change in 
temperature may have important physical effects that arc 
reflected in the ballistic performance of a rocket propellant. 
II the grain of double-base powder is of large diameter or is 
restricted (inhibited), storage at or exposure lo high and low 
temperatures may cause the development of gas pockets 
within the grain or cause it to crack. This results in increase 
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of the burning surface, and burning in gas pockets or cracks 
may create sufficient pressure to cause rupture of the rocket 
motor when fired. On the other hand, exposure of grains of 
uncolloided, composite type propellant to low temperatures 
may cause changes in the physical properties of the binding 
agents and result in cracking of the grains. When fired, such 
grains burn as erratically as those of colloided powder cracked 
by exposure to high and low temperatures. 

(9) Because of the foregoing effects of change in temperature on 
the chemical reaction rates and physical structures of rocket 
propellants, the high and low temperatures at which rockets 
can be fired today generally are within the limits —40° C. 
{ — 40 ° F .) and 49 ° C . ( 1 20 ° F . In view of the global natu re 
of modem warfare and the necessity for using ammunition 
under extremely cold and hot climatic conditions, much 
modem development effort in connection with rocket pro- 
pellants is in the direction of eom[H>silions of low temperature 
sensitivity from both chemical and physical viewpoints. 

78. Sensitivity 

a. Propellants arc so insensitive to shock and friction, even when 
they contain high percentages of nitroglycerin, that they present no 
practical problem from this viewpoint. While dry nitrocellulose is 
very sensitive to impact, colloidal dispersion of this and the retention 
of a small percentage of volatile solvent or other gelatinizing agent 
Tenders the material quite insensitive. From a praclieal viewpoint, 
the sensitivity hazards of propellants are chiefly in connection with 
heat and spark. 

b. While not exploded or even ignited by ordinary shocks or fric- 
tional effects, some propellants can be ignited by the friction and 
impact effects of small-arms bullets. If the propellant, is confined in 
a standard packing box and ignited by a caliber .30 bullet, ignition 
may be followed by detonation if the container is covered and nearly 
surrounded by other containers. 

c. If a quantity of propellant is ignited, it may burn or undergo 
explosion. Whether burning or explosion takes place depends upon 
the composition of the powder and the degree of confinement. For 
this reason, manufacturing buildings, generally, are of light construc- 
tion, so that not much pressure can be developed in the event, of a fire. 
Several years after World War I, a large quantity of pyrocellulose 
powder, stored in standard packing boxes, underwent spontaneous 
ignition and burned without explosion. 

d. Experiments have shown that the confinement afforded by the 
upper part of a column of propellant may be sufficient to cause explo- 
sion if the powder at I he bottom of the pile is ignited. Various powder 
compositions were found to have correspondingly varying “critical 
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heights” of column, the critical height varying inversely with the 
energy content of the composition. For the same composition, the 
critical height was found to vary directly with the average web of 
the powder. Tf the temperature of the powder is 50° C. instead of 
20° C., the critical height of a composition is only 30 to 50 percent 
of that at the lower temperature. Propellants for small arms, consist- 
ing chiefly of nitrocellulose, were found to have critical height values 
of io to 20 inches. Single-base cannon powders of larger grain sizes 

and containing moderants have critical height values of 30 inches or 
more. 

e. Propellants are sensitive to electric sparks only if the material 
is in the form of a dust. Some test results indicate the dust of a 
powder to be much more ignitible by a spark of static electricity than 
is nitrocellulose. Dry-house and blending-tower fires have occurred 
that were attributed to the primary ignition of powder dual bv sparks 
of static electricity. Maintenance of the relative humidity of lln- 
atmosphere above 60 percent has been found to prevent such spark dis- 
charges and ignitions. The humidity must he measured where tfo 
operation is going on. 

f. Propellants can be detonated by initiating compounds or booster 
explosives. Sand tests have indicated E. C. powder to be more 
sensitive to initiation and slightly more brisant than TXT. Double- 
base propellants are even more sensitive and brisant, but single-base 
propellants, such as the pyroceHulose and Ml compositions, are so 
insensitive that only detonations at low rates take place and low 
bn sauce values are obtained. In spite of this, single-base powdeis 

for caliber .30 and 20-mm ammimiliou can be detonated by a charge 
of tetryl even when immense! in water. 

s «mmarizirig, it may be said that nitrocellulose propellants have 

the inherent proxies of detonating high explosives. However they 

are particularly sensitive to heat and represent cldeflv lire hazard 

unless under confinement, when burning may be transformed into 
aeto nation. 

79. Stability and Stabilizers 

«. The stability of colloidcd propellants centers around that of 
nitrocellulose, which is one of the least stable of military explosives 
and is used in grades having different nitrogen contents and levels of 
stability. As stated previously, materials known as stabilizers are 
added to counteract the undesirably low stability of nitrocellulose. 
.However, the presence of moisture is known to increase the rate of 
decomposition of nitrocellulose at a given temperature: and generally 
it is impracticable to remove all moisture from a propellant during 
t le course of manufacture. The various propellent compositions, 
therefore, vary widely with respect to stability, and different lots of 
the same composition may differ measurably when manufactured. 
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h. If a propellant is stored for a lengthy period at ordinary or 
elevated temperatures, the nitrocellulose undergoes decoin position at 
a rate dependent upon the temperature. The acid products of decom- 
position immediately react with and are neutralized by the diphenyl- 
amine, ccTitralite, or other stabilizer present. The rate of decomposi- 
tion of the nitrocellulose thus is prevented from Ixung accelerated, as 
it would bip if no stabilizer was present. When deterioration has 
progressed :o the point that the stabilizer content has been reduced 
to a few tenths of 1 percent, this neutralizing action is no longer 
significant and the rate of decomposition becomes accelerated. The 
presence of an acid odor and, finally, visible red fumes indicate that 
the propellant has become definitely unstable. 

c. The decomposition of nitrocellulose, as well as any other explosive 
present in si propellant, is exothermic. When the rale of decomposi- 
tion is low, any heat liberated is lost by conduction under the usual 
conditions of storage. When the rate of decomposition becomes 
accelerated,, such loss of heat liberated may be impelled if the propel- 
lant is stored in bulk. As a result, there develops in the mass of pow- 
der a region where increase in the temperature proceeds rapidly, since 
each increase in temperature causes further acceleration of the rate of 
decomposition. The increase in pressure within the tightly sealed 
box used for storage also contributes to acceleration of the rate of 
decomposition. The final result is spontaneous ignition and destruc- 
tion of the propellant along with that, of nearby material. During 
the period following World War T, there were a number of incidents 
of the spontaneous ignition of smokeless powder stored in bulk in 
localities having a warm or temperate climate. 

d. Because of the hazardous nature of badly deteriorated propel- 
lants and their impaired ballistic values, it has been necessary to 
establish a surveillance system for propellants stored in bulk or in 
components of ammunition. In the ease of bulk storage, a strip of 
tenth-normal methyl violet paper is inserted in the box of powder 
and inspected after one year for bleaching indicative of significant 
deterioration. Propellants loaded in ammunition having cartridge 
cases 3 indies in diameter or less have been found to represent no 
hazard of spoilt aiusius ignition, because of the proportion of metal to 
pro{K*]ienl charge and the high heat conductance of the metal. Pro- 
pellants loaded in larger cartridge eases, separate charges, and assem- 
bled charges are subjected to periodic sampling and testing for dete- 
rioration. For details of surveillance procedures, the reader is referred 
to ORDM .3-4. 

e. The stability of a propellent composition is affected by the 
purity of t ie materials used in its manufacture and the thoroughness 
of execution of the details of manufacture os well as the nature of the 
com posit ion and the presence of moisture. If the nitrocellulose used 
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is not purified, so as to be essentially free from cellulose sulfate, the 
stability of the composition is much reduced. The presence of any 
inorganic acid in any of the raw materials also has a pronounced effect 
in decreasing stability. The problem of making available propellants 
of satisfactory stability, therefore, has necessitated strict control of 
the details of manufacturing and continued surveillance of the product 
as well as the use of materials of rigidly controlled purity. This last, 
has included strict control of the purification process for nitrocellulose 
as well as rigid test requirements for the material. 

/. While propellants manufactured of impure materials have been 
known to become dangerously unstable within 5 years after manu- 
facture, those manufactured carefully from pure materials withstand 
storage in a temperate climate for many years. Pyrocellulose pow- 
ders with no added stabilizer, consisting only of colloided nitrocellulose 
and residual solvent (ether and ethanol), have been known to remain 
stable during storage for 40 years. Modern single-base compositions 
are indicated to be even more stable. A double-base propellant, 
containing 30 percent of nitroglycerin and 5 percent of petroleum 
jelly, was found to be of a high order of stability after 30 years of 
storage; and more modern double-base compositions are indicated to 
be even more stable. 

g. The use of stabilizers as such in propellent compositions was 
preceded by the incorporation of a material, such as amyl alcohol or 
rosanilme, that indicated decomposition and the liberation of free 
acid by developing a characteristic odor of valerianic acid or by a 
change in the color of (lie powder. The materials currently used as 
stabilizers react with products of the decomposition of nitrocellulose 
to form stable solid compounds and so remove free acid and oxides 
of nitrogen as rapidly as they are formed. 

(1) Diphcnylamine (QJUhXH, a compound melting at 53° C., 
has been used as the chief stabilizer for single-base propellants 
and to a lesser extent in powders containing nitroglycerin. 
It is capable of reacting directly with nitrogen dioxide as 
well as acids. Upon reaction during the decomposition of 
nitrocellulose, it has been found to form the following com- 
pounds successively, a number of these being present 
simultaneous! v: 

A’ -nitrosod ipl i eny] amine. 

2-nitrodiphenyIaminc. 

4-i ii trod ip henyl amine. 

N -nitroso-2-nitrodiphenylamine. 

A -nilroso-4-nitrodiphenylamine. 

4,4b 2,4', 2,2', and 2,4-din itrodiphenylamines. 

A’-nitroso-4, 4'-dinitrodipliciiylamine. 

A' -ni lroso-2 , 4 '-diiiitrodiphcnylamme. 
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2, 4, 4' and 2, 2', 4-trinitrodiphenylamines. 

2,2', 4,4 '-tetranit rodiph eny lamine. 

2,2', 4,4', 6-pentanitrodiphcnylamino. 

Hexanitrodipheuylamine. 

The detection of any one of these in a propellant, therefore, 
does not indicate that the powder has become unstable. 
As diphcnylamine is somewhat reactive with nitrocellulose, 
too much of this stabilizer should not be used; and 1 percent 
or less of the material, generally, is employed. 

(2) 2-A i irodiphenyhiminc, C^H, . AH . C 1 r, H 4 . ACh , is an effective 
stabilizer for propellent compositions and has been found to 
have value in preventing the formation of gas bubbles in 
such compositions. Although it contains a nitro group and 
so has some explosive value, it. is so insensitive, that it cannot 
be caused to explode, when subjected to the impact, sand, 
and explosion temperature tests. Heat tests at 100° and 
120° C. indicate 2-nitrodiphenyl amine to be very stable. 
The crystalline compound lias a freezing point of 74.6° C\ T 
and it is very soluble in molten dinitrotoluene at 70° C. 
As it is one of the intermediate compounds formed from 
dipkenylarninc upon reaction during the decomposition of 
nitrocellulose, 2-nitrodiphenylamme acts as a stabilizer by 
undergoing further nitration with the ultimate formation of 
liexanit i odiphenylamine. 

(3) Ccnlralite I or ethyl ccnlralite, symmetrical diethyldiphcnvl- 
urea, OClXcCJU^Cfrils)^, was developed in Germany for 
use in double-base propellants. In addition to acting as a 
stabilizer, it, is a gelatinizing agent for nitrocellulose and acts 
as a waterproofing agent. Unlike diphenyl amine, it. can be 
used in relatively large proportions; and some propellent 
compositions contain as much as S percent of this material. 
Like diphcnylamine, it is nitrated by the products of de- 
composition of nitrocellulose. The following compounds 
are formed successively, as many as four of these being 
present simultaneously, as deterioration of the powder 
proceeds. 

4-nitrocentralite. 

4,4' dinitroeontralite. 

A T -nitvoso-A’’-cthvl aniline. 

1 * 

N-nitroso-N -el h yl-4-nit raniline. 

2,4 dini tro-A T -ethyl-aniline. 

Ccnlralite II or methyl centralile, symmetrical dimethyl 
diptenvlurea, OC[N(Cn 3 ) i(AH,)]-., also lias been used as a 
stabilizer, but is not considered to be as effective as the ethyl 
analogue. 


3315B0 V — 5 
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(4) Akardits, compounds with the structures indicated l>elow, 
have been used extensively in German propellent composi- 
tions and are claimed to be more effective stabilizers than 
centralite or diplietivhiminc. 


oc 




N<C*H S »; 


NH. 


OC 



NtC.H.ij 



AKARDIT I 


NM-CH 3 
AKARDIT II 



AKARDIT JH 


RA PD 2I2S56 

{5) Phenyl urethanes, compounds with the structures indicated 
below, also have been used in German propellent composi- 
tions, but are considered to be less effective stabilizers than 
centralite. Tbe methyl and ethyl compounds have, greater 
gelatinizing action on nitrocellulose than centralite or the 
akardits. 


^^/NHCH 3 HC 6 H s ) 

^^bKC 2 H 5 )(C 6 H & ] 

✓”[C 6 H 5 > 

OCf 


\ o-c 2 h. 

\ 

Noc,h 5 

METHYLPHENYL 

ETHYLPHENYL 

D§ PHENYL 

URETHANE 

URI7HAKZ 

URETHANE 


RA PD 2T2857 

fb) Petroleum jelly (petrolatum) has heen use<l for many years by 
the British as a stabilizer for introglycerin-nitroceilulosr* 
propellants termed cordite. The slabilizing action of the 
material is ascribed to the presence of unsaturated hydro- 
carbons, which react with and neutralize acid products of 
decomposition. 

k. Because of the high coefficient of acceleration of rate of decompo- 
sition of nitrocellulose (decomposition increases 3.7 times per each 
10° 0. rise) and the comparable effect of increase in temperature on 
the rate of decomposition of nitroglycerin, the more elevated the 
temperature used for testing propellants, the less representative 
the result is of stability at storage temperatures. For this reason, 
tests made at the lowest practicable temperature yield the most 
signifies n I results. Since such tests require very long times foi 
completion, they are not suitable for acceptance testing and no longer 
are used for surveillance test ing. Accept ance tests are made at high 
temperatures and require but short times. They indicate solely if a 
given sample or lot has high temperature resistance characteristics 
normal for the composition, rather tliau stability in storage at ordinary 
or slightly elevated teiiq>cratures. The 134.5° and 120° C. heat tests 
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are used for the acceptance testing of single-base and double-base 
propellants, respectively. The 65.5° C. surveillance test, once used 
for the purpose indicated by its name, is used for experimental pur- 
poses when an indication of true stability is desired. 

(1) 6o.5° C. surveillance test. A 45-gram sample of the propellant 
is placed bi a flint-glass bottle having a ground-glass stopper. 
Tbe bottle is placed in an oven or chaml>er maintained at 
fi5.5zhl.0° C. (fig. 81). Visual inspection is made daily for 
the appearance of red fumes, which is considered completion 
of the test; and the test result is expressed as the number of 
days required to bring about the evolution of red fumes. 
Test values of 20 days or less are considered to indicate a 
condition of hazardous instability calling for immediate 
disposal of the propellant. Similar tests at 50° and 80° C. 
have been used experimentally. Although the procedure 
is lengthy, it has been found practicable, by means of 
periodic surveillance tests, to observe the gradual and then 
accelerated deterioration of propellants under adverse 
conditions of storage. 

(2) Real tests. The 134.5° C. heat test is used for testing single- 
base powders and nitrocellulose, while the 120° C. heat test 
is used iu connection with double-base propellants. In 
either case, tests are made simultaneously of five portions of 
the sample. A 2.5-gram portion of the sample is placed in a 
pyrex glass test tube having an internal diameter of 15 mm, 
external diameter of 18 mm and length of 290 mm. A piece 
of normal methyl violet test paper, 70 nun in length and 20 
min in width is placed vertically in the tube so that its lower 
edge is 25 mm alxive the test material. The tube is stop- 
pered with a cork that has a 4-mm diameter hole cut in it to 
prevent build-up of pressure within the tube. Each of the 
five tubes is plaeed in the appropriate constant temperature 
bath, maintained at 120,0+0.5 or 134.5±0.5° C. (fig. 82), 
which is so designed that no more Ilian 7 mm of the tube 
projects from the well in which it is placed. At 5-minutc 
intervals, each tube is withdrawn one-half its length and 
replaced quickly, any change iu color of the test paper being 
noted. The time of observation that reveals the test paper 
in any of the five tubes to be completely changed to a 
salmon-pink color is recorded as the salmon-pink value of 
the sample. Heating is continued and the time of observa- 
tion that reveals any of the tubes to be completely filled with 
red fumes is recorded. After the red fume value is deter- 
mined. heating is continued further to determine whether 
explosion of the material in any of the five tubes takes place 
in less than 5 hours of heating. When the 134.5° C. heat 








test is list'd for testing nitrocellulose, only two tubes are 
processed, the first observation being made after 20 minutes 
of heating. Prior to testing, the nitrocellulose is dried for 
4 to 5 hours at 40° to 42° C., or for 1 to 1.5 hours at 50° to 
52° O., or overnight at room temperature, with further di ving 
for 0.5 hour at 40° to 42° C. Prior to inserting the test 
paper in the tube, the 2.5-gram portion of the nitrocellulose 
sample is pressed into the lower 2 indies of the tube. 
i. Representative surveillance and heat test values for standard pro- 
pellent compositions are given in appendix I. 
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SECTION X 

UNITED STATES PROPELLANTS 


80 . Classes; 

a. The blkck powder originally used as a military propellant lias 
been displaced completely by propellent compositions generally re- 
ferred to as “smokeless powders” and almost invariably containing 
nitrocellulose. As these propellents arc not used in the form of a 
powder and liberate varying amounts of smoke when burned, the term 

is a misnomer. 

b. From tllie viewpoint, of compositions, modern propellants can be 
divided into three classes. These are described in (1) through (3) 
below. 

(1) Sti.tjle bu.se. These compositions contain nitrocellulose as 

tbdr chief ingredient, in addilion to a stabilizer, they may 
cost tiin inorganic nil rates, nitrocompounds, and non explosive 
materials, such as metallic salts, metals, carbohydrates, and 

dy-Ts. 

(2) Double base. This term has been applied generally to com- 
[xtdlions containing both nitrocellulose and nitroglycerin. 
However, in view of the purposes accomplished by nitro- 
glvcerin and the use abroad of substitutes for nitroglycerin, 
wilieh serve the same purposes, a better definition of a double- 
base composition is one containing nitrocellulose and a liquid 
organic nitrate having the property of gelatinizing nitro- 
cellulose. Like single-base powders, double-base powders 
frequently contain additives in addition to a stabilizer. 

(3) Composite. Composite propellants contain neither nitro- 
cellulose nor an organic nitrate, consisting generally of a 
phvsical mixture of an organic fuel such as ammonium 
pikrate, an inorganic oxidizing agent such as potassium 
natrale, and an organic binding agent. A composite pro- 
pellant has a heterogeneous physical structure. 

c. The n=e of propellent compositions is not in accordance with the 
foregoing classification. While single-base compositions are used in 
cannon, sn all arms, and grenades, double-base compositions arc used 
in cannon, small amis, mortars, rockets, ami jet propulsion units. 
Composite coin jM>sil ions are used in rocket assemblies and jet pro- 
pulsion umrs. The choice of a propellant for a specific use is deter- 
mined by ballistic and physical requirements, rather than on the basis 
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of composition. As a given composition may bo suitable for use in 
several different applications, it is not practicable to classify propel- 
lants on the basis of use. 

81. Single Base 

a. Pyrocellulose Fourier. 

(1) The first nitrocellulose propellant standardized by the U. S. 
Army and Navy was that termed pyrocellulose powder, 
because of the grade of nitrocellulose used in its manufac- 
ture. As first manufactured, pyrocellulose powder consisted 
only of carefully purified nitrocellulose having a nitrogen 
content of 12. 60 ±0.10 percent and completely “soluble” 
in a mixture of ether and ethanol. The nitrocellulose was 
gelatinized by means of this solvent and extruded in the form 
of a cord with one or more perforations. This was air dried, 
so as to remove almost all of the volatile solvent, and the 
grams in the lot were blended thoroughly. The amount of 
residual solvent left in the powder varied from 1 to 5 percent, 
increasing with size of grain. About 1909, there was first 
added 0.5 percent, of diphenyl amine to act as a stabilizer, and 
during World War T, this ingredient was increased to 1 per- 
cent. This war period also saw the introduction of the 
water-dry process, which permitted the completion of manu- 
facture in a fraction of the time required for the air-drying 
process. 

(2) Pyrocellulose powder was unduly hygroscopic and gave bright 
flashes when lired in cannon. It was also considered to be of 
less than satisfactory stability, but defects in this direction 
were due largely to faulty manufacture and storage. It 
remained standard until the standardization of FXH (flash- 
less, nonhygroscopic) and XH (nonhygroscopi c) single-base 
propellants about 1930, when it became a substitute stand- 
ard. Pyrocellulose powder was extensively manufactured 
and used by the Navy during World War II. 

(3) Pyrocellulose powder was analyzed for nitrocellulose, di- 
phenylamine, residual solvent, and external moisture con- 
tents. External moisture was determined by heating a sam- 
ple at 100° C. Diphcnylaminc was determined by extraction 
with ether and nitration of the evaporated extract to the 
insoluble tetranilrodiphenyl amine, which was weighed and 
calculated to the basis of diphenylaminc. Nitrocellulose 
was determined by dissolving the residue from the ether 
extraction in a 2:1 ether-ethanol mixture, precipitating the 
nitrocellulose by the addition of water and weighing the dried 
precipitate. By subtracting from 1(H) percent the sum of the 
percentages of nitrocellulose, diphcnylamine, and externa! 
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moisture, there was obtained the percentage of residual 
solvent present in the powder. This consisted of approxi- 
mately 90 percent ether and alcohol and 10 percent water. 

(4) Pyrocellulose powder was required to develop a salmon-pink 
color in not less than 60 minutes and not to explode in 5 hours 
when subjected to the 134.5° C. heat test. A minimum 65.5° 
C. surveillance test, value of 140 days or less, depending upon 
the size of grain, was required for a time but. was discarded 
after World War I. A compression Lest of individual grains 
in each lot was made to insure that the powder was not brittle. 
It. was required that grains be compressed at least 35 percent 
of their length before cracks appeared. 

(5) Pyrocellulose powder, as indicated by 65.5° C. surveillance 
tests, has less than half the stability life of the Ml and M6 
powders, which displaced it. It has a calculated force value 
of 339,000 foot-pounds per pound, as compared with values 
of 314,000 and 328,000 for the Ml and M6 compositions. 
In spite of the satisfactory ballistic value of pyrocellulose 
powder, its hygroscopic! ty, the harmful effect of absorbed 
moisture on its stability, and the tendency to flash when 
fired in cannon render it less satisfactory than the Ml and 
M 6 compositions. 

6. E. C. Fourier. 

(1 ) This partially colloided propellant, one of the earliest nitro- 
cellulose compositions developed, is used in caliber .30 blank 
ammunition and hand grenades. It has the composition 


Nitrocellulo.se* 

Barium nitrate 

Potassium nitrate 

Starch 

Aurine dye 

Diphcnylamine 

•Nitrogen content, 13.20 percent. 


Percent 

80 

8 

S 

3 

0 . 25 
0 . 75 


It. consists of agglomerates having a rough surface. It is one 
of a type of propellants known as bulk powders used in shot- 
gun shells. It is manufactured by either of two processes, 
in cither of which only part of the nitrocellulose is gelatinized 
by means of a mixture of acetone and ethanol or benzene or a 
mixture of butyl acetate and benzene. In either case, the 
process is controlled, so that the product passes through a 
No. 10 sieve and a minimum of 97 percent passes through 
a No. 12 sieve and is retained on a No. 50 sieve. 

(2) Because of the presence of some ungelatinized nitrocellulose, 
E. O. powder is distinctly more sensitive to friction than 
completely colloided powders. The ungclatinized nitro- 
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cellulose and potassium nitrate present also cause the powder 
to be much more hygroscopic than completely colloidal 
powders. W lien exposed to an atmosphere having a relative 
humidity of 90 percent at 30° C., a representative sample 
absorbed 6.2 percent of its weight of water. Specification 
requirements permit the presence of 2.0 percent of moisture. 

(3) Tests have shown E. C. powder to have the explosive char- 
acteristics shown in table XLIIL 

Table. XLIIJ. Explosive Characteristics of E. C. Powder 

Impact test, cm 

Pendulum friction test 

Explosion temperature test, ° C 

Sand test, percent TXT value 

Minimum detonating charge, gram mercury fulminate 

These data indicate that the composition is sufficiently sensi- 
tive and powerful to be used as a high explosive as well as a 
propellant. Tt is because of this that the powder has been 
used in hand grenades as well as in blank ammunition. 
E. C. powder, because of its high burning rate, is not used as 
a military propellant, but it has been used in shotgun shells. 
65.5° C. surveillance tests have shown E. C. powder to be 
of the same order of stability as pyrocelhilosc powder. 

(4) The specification for E. C. powder requires that- it be of the 
prescribed granulation, comply with functioning test require- 
ments when loaded in hand grenades and caliber .30 blank 
ammunition, and in the 134.6° C. heat test give a salmon- 

pink color iii not less than 30 minutes and fail to explode in 
4 hours. 

(5) Analysis of E. C. powder: Barium nitrate is determined by 
oxidizing all organic material in a weighed sample, with 
nitric acid and precipitating barium as the sulfate. Potas- 
sium nitrate is determined by precipitating the potassium as 
dipotassium sodium coballinitrite, using the filtrate from (he 
barium determination. Aurine dye is determined by ex- 
tracting a sample of the powder with acetone and determin- 
ing the aurine content coloiimetrieallv. Starch is deter- 
mined by hydrolyzing the acetone-extracted sample, acidi- 
fving, adding a solution of potassium iodide, and titrating 
the liberated iodine with sodium thiosulfate solution. Di- 
phcnvlammc is determined by steam-distilling a sample of 
the powder, extracting the distillate with ether, and pre- 
cipitating the diphenyiarnine as tetrabromodiphenylamine. 
Nitrocellulose content is calculated by subtracting from 10(1 
percent, the sum of the percentages of the other ingredients 
found to be present in the moisture- free powder. 
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Flashless and Smokeless. 

(1) The class of propellants known as flashless and smokeless 

(formerly designated as FXH and XH) comprises composi- 
tions that are used chielly in artillery. Whether a composi- 
tion is (lashless depends upon the gun in which it is used. For 
example, the Ml composition is flashless when used in a 75- 
mm gun, but in the 8-inch gun, the propellant is not flashless. 
It would be desirable to have flashless propellants for all 
weapons, but this objective has not been attained as yet. 
The compositions of this class are not truly nonhygroseopie, 
but arc- so much less hygroscopic than pyrocellulose powder 
that changes in the content of external moisture during 
handling and storage are negligible. They differ from 
pyrocellulose powder, also, in having a much lower rate of 
moisture absorption as well as final moisture content when 
in equilibrium with air of given temperature and humidity. 

(2) The Ml, M3, and M6 compositions were developed during 
the. period between World Wars 1 and II, the remaining 
flashless and smokeless compositions being developed during 
World War II. The standard compositions of this type are 
shown in table XLIV. It will be noted that the Nil 5 com- 
position is of the double-base type, while the others are of 
the single-base type, lu these compositions, the dinitro- 
tolucne. trinitrotoluene, and nitroglycerin act, as gelatinizing 


Table XLIV. Standard Artillery Propellent Compositions 


Ml 

Oiw- 

tviH j 


M3 

(!OT- 

wntl 


Nitrocellulose (12.60 

percent NX 

Nitrocellulose (13.15 

percent NI 

Nitrocellulose (13.25 


79 


84. 2 


Dinitrotoluonc 0. 9 

Trinitrotoluene : ! IS 

Nitroglycerin !- 

Nitroguanidinc 

Dibutylpliliialate 4. 9 

Triacetin S 

Potassium sulfate.- . 

Tin - j 

Cryolite - 


M4 

(l*r- 

tSTll) 

MG 

(l**r- 

ffi-nt) 

M10 

<[*T- 

orrti) 

Ml 2 

(|*T- 

emli 

M14 

(per- 

of rill 

M15 

(per- 

cent) 



- 

i. 


- 


86. 1 

98 j 

i 

97.7 

89 l 

• 

j 

20. 0 

! 76 






23 

9. 9 


<*> ; 

7. 9 



3. 0 


2 . 0 


Etlivl ccntralite 


19. 0 
54. 7 




1 

0. 75 







0. 75 








rt. 3 

1. 0 

1 1 1. 0 

1 

0. 8 

1. 0 

6. 0 





! 


100. 0 

100 100 100 0 

i 

100 

100.0 

ioo. o : 

100. 0 


•Coating- 
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and moisture-proofing agents and contribute ballistic poten- 
tial (o tlie composition. DibutyJphthaUte and triacetir. are 
gelatinizing and waterproofing agents, but are nonexplosive 
and contribute to flashlessness. N itroguanidine is used as 
a finely divided powder dispersed throughout the nitrocellu 
ose-m t roglyccrin colloid and contributes to ballistic poten- 
tial as well as acting as a flash-reducing agent. Potassium 
sulfate tiu, and cryolite serve as flash-reducing agents 
« hile the diphenylamine and ethyl cer.tralite act as stabiliz- 

Tm f lso aerve3 as a decoppering and antifouling agent 
(o) 1 be manufacture of a propellant of this class involves a se 
quence of 10 or more operations. In the first, the wet nitro- 
cellulose is dehydrated after the moisture content has been 
reduced to approximately 2S percent by wringing. Dehy- 
dration is accomplished by pressing the nitrocellulose at low- 
pressure so as to squeeze out some water, adding 95 percent 
ethanol, and pressing at about 3,500 psi. There is obtained 
a block containing 25 pounds of dry nitrocellulose and about 
one-third this much of 90-percent ethanol. The wet block 
JS broken up into small lumps by means of a rotating drum 
containing iron prongs and a screen. The nitrocellulose is 
transferred to a water-cooled mixing machine of the dough- 
nnxer type and, while this is in operation, there Is added 
ether equal to approximately two-thirds of the weight of dry 
nitrocellulose^ Any plasticizing agents and stabilizers to be 
mcluded in the composition are dissolved in or mixed with 
t le ether prior to addition to the nitrocellulose. After addi- 
tion of the ether is complete, materials such as potassium 
sulfate are added. Mixing of the ingredients is continued 
for about 1 hour. There is produced a partially colloided 
mixture, which resembles dry oatmeal in appearance. Im- 
pressing this at approximately 3,000 psi, so as to form a 
block, the degree of cofloiding is increased rapidly. This 
effect is further increased and uniformity of the mixture is 
improved by subjecting it to a pressure of about 3,500 psi 
in a macaroni press. Here the material is squeezed through 
a senes of screens and perforated plates ami emerges in a 
orm resembling that of macaroni. This is pressed again to 
form a block of well-colloided material. This is placed in a 
paining press and extruded through a carefully designed die 
by the application of pressure, the material merging as a 
coid with one or more cylindrical perforations. Bv means 
of a cutting machine, the cord is cut into pieces" of pre- 
determined length. Kemoval of the volatile solvent, with 
shrinkage of the grains to their final dimensions, is accom- 
plished by three operations. In the ‘‘solvent recovery” 
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operation, the powder is placed in a large tank and warm 
air or other gas is passed through the mass. Wilh careful 
control, so as to prevent surface-hardening, the temperature 
of the air is gradually increased to not more than 65° C. 
The solvent recovery' operation requires from 2 to 14 days, 
depending upon the size of the grain, and reduces the solvent 
content to approximately 0 percent. The “water-dry” op- 
eration consists of placing Lhe partially dried powder in 
water at about 25° C. and gradually increasing the tempera- 
ture to a maximum of 55° C. After a number of days, the 
residual solvent is reduced to 0.3 to 5 percent, depending 
upon the grain size. The powder now is air dried to remove 
surface moisture and screened to remove dust and grain 
clusters. The final operation before packing is to blend all 
the powder in a lot, which may vary from 50,000 to 500,000 
pounds depending on the type of powder. This is accom- 
plished by transferring the powder from one bin to another 
by gravity flow, the bins being of conical shape. This 
blending improves uniformity of the lot with respect to 
composition and external moisture content. 

(4) Propellants of the Ml and M6 class have maximum moisture 
absorption values of approximately 1 percent, as compared 
with 3 percent for pyrocellulose powder. While they have 
less tendency to flash when fired in cannon, they produce 
somewhat more smoke. This is a distinct disadvantage 
when firing is conducted during the daytime. The Ml, M3, 
M4, and Ml 5 compositions have lower ballistic potential 
values than pyrocellulose powder. This is attributable to 
lower heal of explosion values, which also causes the develop- 
ment of lower flame temperatures and so tends toward less 
erosion of guns. 

to) Specification requirements for flashless and smokeless propel- 
lants include velocity and pressure effects when fired in a 
weapon and certain chemical and physical characteristics. 
In addition to having a specified composition, the maximum 
contents of moisture, volatile solvent, and ash are prescribed. 
The hygroscopicitv of the propellant is required to not exceed 
a certain maximum, and mull iperforated powders are re- 
quired to have a minimum degree of compressibility without 
cracking. The single-base flashless and smokeless powders 
arc required to comply with certain 134.5° C. heat test re- 
quirements, while propellants having the M15 composition 
are subjected to the 120° C. heat test. Grain dimensions are 
required to have certain relationships and be such as to yield 
the desired ballistic effects with a charge of suitable size. 
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(6) The methods of analysis of the several compositions com- 
prising the 11 ashless and smokeless class are so lengthy and 
varied that reference is made to the appropriate specifica- 
tions. Hvgroseopicity is determined as the percentage of 
moisture held when the powder al>sorbs no more after 
being exposed to an atmosphere of 90 percent relative- 
humidity at 30° C. In Ihe case of the Ml2 composition, 
hygroscopic! ty is determined as the percentage of moisture 
absorbed when powder is exposed to an atmosphere of 90 
percent relative humidity at 30° C., after it has been brought 
into cquilibirum with air of 20 percent, relative humidity 
at 30° O. Compressibility is determined by cutting off 
the ends of grains, so that the length is equal to the diameter, 
slowly compressing the grain until the first crack in its wall 
appears, and measuring Ihe degree of compression at this 
point. This is calculated to a percentage basis. 134.5° and 
120° O. heat tests are made as described in paragraph 79. 
d. Small Arms Powders. 

(1) TIoth single- and double-base propellants now are used in 
small arms. The earlier type of single-base powder for 
this purpose was known as IMR. The compositions of 
this and other single-base powders are shown in table XLY. 

Table \LV. Compositions of Sin(jie-Base Fowlers for Smail Arms 



* 1-3.15 porwnt. nitropen. 

* 13-15 percent or 13.25 pmvnt riirrogen. 
e 13.10 pewnt mininruTii nitrogen. 

d 12.95 percent nitrogen. 

* Applied as coaling. 


The tin anil potassium sulfate present in these compositions 
acts as an antiflashing agent. The dinitrololucne coating 
acts as a moist ure-proofing agent , causes the first phase of the 
burning process to lake place at a relatively slow rate, and 
has some an hfl ashing action. The glaze of gr aphite is added 
to facilitate the uniform action of automatic loading machines 
and to avoid the development of large static charges in 
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blending and loading. Composition II is used for loading 
the caliber .30 carbine grenade cartridges, as well as caliber 

30 and caliber .50 rifle ammunition. 

(2) The above single-base propellants are manufactured m the 
same manner as Fi\H and NH powders, except for the 
application of a coating of dinitro toluene and glazing with 
graphite. The coating is applied by rotating the powder 
and dinitrotoluenc in a rotating drum (sweetie-barrel) 
heated above the melting point of the coating agent, I he 
glaze of graphite is applied to the coated powder by tumbling 

in a rotating drum. , . , , , 

(3) The single-base powders for small arms are of a high order of 

Stability and arc particularly resistant to the effects of 
atmospheric moisture because of their dinitro toluene coat- 
ings. They have approximately the same ballistic potential 

as pvro cellulose powder. 

(4) Each of the compositions is required Lo comply with certain 

requirements when subjected to the. 134.5° 0. heat test 
and not to be unduly hygroscopic. There are no require- 
ments with respect fo compressibility. The contents oi 
external moisture and volatile solvent are kept within narrow- 
limits, but the dipbenylamine content is permitted to vary 
from 0.5 to 0.9 or 0.75 to 1.25 parts per 100 of nitrocellulose. 
The propellants are granulated as single perforated cylindri- 
cal grains. Each powder is required to comply with a 
gravimetric density requirement and have prescribed bal- 
listie effects when fired in a standard weapon. 

82. Double Base 

a Prior to World War IT. double- base propellants wore used in the 
United States for mortar and small arms ainmumtion but not m 
cannon. Since then double-base compositions have been standardized 
for use in the smaller guns and the requirements lor rocket propellants 
i have resulted in the standardization of a number of such compositions 
£ Double-base propellants are manufactured by two methods. 

! solvent process is similar to that used for single-base powders, except 
[ that a mixture of ethanol and acetone is used as the solvent and the 
\ solvent recovers procedure is omitted because of the hazard involved 
in recovering solvents containing nitroglycerin. The nor, solvent 
process is used when the nitroglycerin and any other colloidmg age 
constitute approximately 40 percent of the composition. In this 
, process the wet nitrocellulose is mixed with the nitroglycerin, htl vl 
E centralitc is mixed in and the bulk of the excess water » removed by 
E centrifuging. The resulting paste is put in cotton bags and subjected 
, to heated air currents, to reduce the moist tire content. The riming 
constituents are then blended with the partly dried paste. Repeated 
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rolling between the heated steel rolls removes the rest of the water and 
completes colloiding of the nitrocellulose. The thickness of the 
sheet formed is controlled carefully and varies with its use. If the 
sheet is to be cut into flakes for use in small arms or mortars, the 
thickness is between 0.003 and 0.0125 inch; but if the sheet is to he 
extruded in the form of large grains for use in rockets, it may be as 
thick as 0.125 inch. 

b. The standard double-base cannon powders have the M2 and Mo 
compositions shown by table XLVL They are used in the form of 
perforated grains. 

Fable XLVI. Double- Base Canjwn Projwllants 

| M 2 (percent) ■ M 5 (percwjo 

Nitrocellulose (13.25 port ent N) 

Nitroglycerj n 

Barium nitrate 

Potassium nitrate 

Kilty] central it e 

Graphite 


77. 

45 

81. 

05 

19. 

50 

15. 

00 

1. 

40 

1. 

40 

0. 

75 : 

0. 

75 

0. 

60 

0. 

60 

0. 

30 

0. 

30 

1 100. 00 i 

100. 00 


i 

l 


These compositions have considerably greater ballistic potential than 
the single-base Ml and Mfl compositions. As judged by their 65.5° 
C. surveillance test values (335 and 265 days), they are considerably 
less stable than the Ml and Mb compositions. 


c. Double-base mortar powders include those used for propellant 

charges and those used in the ignition cartridges, both being in the 

form of flakes. The compositions of such powders arc shown by table 
XL VII. 



The MS and M9 compositions have very high ballistic potential values, 
beca use of their high nitroglycerin contents. They are the least stable 
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of the standard propellants, having 65.5° C. surveillance test values 
of only 225 and 175 days, respectively. This is due in part to the 
small grain size, as powders having large specific, surfaces have been 
found to give lower test values than those in large grains. 

d. Double-base propellants for small arms have been used for 
many years!. At. one time these were of the batlistite type, used in 
flake, disk, and grain forms. Examples of such compositions are 

shown in table XL VIII. 

Table XL VIII. Double- Base Propellants for Small Arms 

Bal]«slin- Butlsrye Infallible 

j (peromtj ! ([H'reentl (percent) 

Nitrocellulose (13.25 percent N) 

Nitroglycerin.- 

Piphenylamwe 

100. 0 100. 0 100. 0 
Graphite C °* ! Coaf Coat 

These compositions have been replaced by double-base compositions 
containing less nitroglycerin, such as those shown in table XI AX. 

Table J ILIX. Composition* of Caliber .SO and Calilter .50 Propellants 

Percent i Percent Percent 

; i 

Nitrocellulose* — 

KitroglycerLa 

Starch 

Barium nitrate — 

Potassium nitrate 
Diphenylaniine_ _ 

Graphite — 


*13.15 or 13.25.; percent nitrogen. 

The single-perforated grains having these compositions are coated 
with dinit rotolueue or centralile and glazed with graphite. Although, 
they have somewhat less ballistic potential than the ballistite type of 
powders, lihey are more stable, cause less erosion of rifles, and have less 

tendency to flash. 

e . The standardization of the caliber .30 carbine permitted the use 
of a doubVbase composition in the form of spheres 0.02 or 0.03 inch 
in diameter instead of flakes or grains (fig. 83) . Commonly called 
“ball powder,” it is produced by dissolving wet nitrocellulose in a 
solvent, such as ethyl acetate, adding diphenylamine and chalk, and 


74. 70 j 

76. 55 

84 

1ft. 00 ! 

20. 40 

15 

2. 25 

2. 30 __ 

_ — 

1. 50 !__ 
0. 90 



0. 75 

0. 75 

0. 75 



0 25 


100.0 j 100.0 100.0 


60 59. 6 60. 25 

3ft 10. 0 : 30. 00 

1 0. 4 0. 75 


XI ir.Ki * — 55 1 7 
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then nitroglycerin. Upon agitation and the addition of a protective 
colloid, the solution is dispersed in the form of small globules. When 
the volatile solvent is removed by heating, the powder solidifies in 
the form of spherical pellets. Before removal of the water by screen- 
ing, the powder is coated with a deterrent, such as dinitro toluene, 
centra life, or diphenylphthalate. 1 1 may then be dried and graphited I 
A wide variety of single- or double-base compositions may be pioduced 
by this process. An example of the compositions manufactured for 


use in carbine ammunition is as follows; 

Nitrocellulose (T3.2 percent N). . 

Nitroglycerin-.. 


Percent 

89. 3 
9. 0 


Sodium sulfate 
Calcium carbonate 
Diphenylamino- . 


0 15 
0. 63 
0. 90 


Such powder is indicated by 65.5° C. surveillance test values to be as 


stable a,s Ml powder. Because of the rapidity and economy with 
which ball powder can be manufactured and the flexibility of the 
process, the future utilization of ball powder in directions other than 


smaJl arms ammunition is probable. 



Figart S3. Bail Powder, X So. 


j. Essentially all die propellants for rockets are of the double-base or 
composite type, as are those for JATO (jet -assisted takeoff) charges 
Rocket propeilants are manufactured in much larger grains than the 
largest cannon powder grains, and JATO grains are manufactured in 
very large sizes. The smallest rocket powder is 0.37 inch in diameter 
and 4.15 inches long. JATO grains may exceed 12 inches in diameter 
and 6 feet in length. The smaller grains of rocket powder are man- 
ufactured by the solvent process, but the larger grains arc produced 
by rolling sheeted powder into a “carpet roll” and extruding this. 

Representative compositions of rocket propellants arc shown in 
table L. 





Table L. Compositions of Rocket Propellants 


M7 Ml3 T2 T5 

(percent) (percent) (percent) (percent) 


T8 

(percent) 


Nitrocellulose (13.15 percent N)_ 

Nitroglycerin 

potassium perchlorate 

potassium sulfate. . 

Carbon black 

Dinitrotoluene 


51 6 57. 3 58. 0 

35. 5 40 0 30. 0 

7.8 

1. 5 i 1. 5 

1.2 . *0.05 *0.02 

i i 2.5 


57. 5 
39. 2 


1.5 
0. 05 


Lead stearate *0- 1 

Triaectin 

Ilipheny laming 0. 2 

Ethyl eentralite 0. 9 1. 0 8. 0 1. 7 


ioo. o I ioa o i ioa o ; loo. o 



Added. 


65.5° C. surveillance test values indicate the M7, Ml 3, and T5 com- 
positions to be of the same order of stability as pvrocell ulose powder. 
The T2 and T8 compositions arc indicated to be nearly as stable as 
Ml powder, this being attributable to the high porportion of stabilizer 
present in each case. The potassium perchlorate present in the M7 
composition serves to increase the oxygen balance. Carbon black is 
used in four of the compositions, to improve uniformity of ignition 
and burning during its earliest phase. Ixiad stearate is added to give 
more nearly constant rate of burning over the pressure range at which 
the powder is used {a so-called “platonic agent”). The specific im- 
pulse values of the above compositions vary widely. The use of such 
widely varying compositions is rendered desirable by the ballistic 
requirements established for the rockets in which the propellants 
are used. 

g. In addition to the usual requirements for propellants, rocket 
powders must be essentially free from fissures, pinholes, and similar 
structural imperfections. The presence of such physical discontinu- 
ities causes sudden change in the burning surface when these are 
readied during the burning process and may result in explosion and 
rupture of the rocket motor. While the smaller grains of rocket 
powder can be inspected visually for such imperfections, recourse is 
had to X-ray photography and supersonic wave testing for detecting 
significant voids, fissures, etc., in grains of the larger sizes. 

83. Composite 

a . The difficulty in manufacturing double-base rocket and JATO 
propellants in large grains and their undesirable variations in ballistic 
effects with change in initial temperature have led to the development 
of type of composition known as a composite propellant. Containing 
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no nitrocellulose or nitroglycerin, it is an uncolloided, heterogeneous 

mixture consisting of an organic fuel, an inorganic oxidizing agent, and 
an organic binding agent. 

b. A representative composite propellant is the T9 composition 
winch consists of — 

Ammonium piorate _ _ ^(T^ 

Potassium nitrate ’ ' 

Ethyl cellulose _ ‘ ^ 

Chlorinated wax _ . 

Caleium stearate _ _ L ? 

Such a composition can bo manufactured by a simple mixing operation 
and can be moulded in the desired form by pressing. While it has a 
desirably low temperature sensitivity, with respect to the burning rate 
it tends to become brittle and crack when subjected to low tempera- 
tures. ^ It therefore cannot be used safely at temperatures below - J 2° 

t ( l°° F ^ A further disadvantage is the relatively large amount 
of white smoke produced when the propellant is burned. The de- 
velopment of binding agents less affected by low temperatures prob- 
ably will expand the future usefulness of this type of propcllanl 
composition. 
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SECTION XI 

FOREIGN PROPELLANTS 




84. General 

a. World War II witnessed the introduction of rocket propellants 
and their use by all the warring nations. The other major develop- 
ment in the field of foreign propellants was that of German and 
Italian modified double-base powders for artillery weapons and 
rockets. In these propellants, the nitroglycerin historically present 
in double-base propellent powders was replaced by diethyleneglycol 
dinitrate (DEGN) or, in some cases, by trictliyleneglycol dinitrate 
(TEGN) or trimetliylol ethane trinitrate (metriol trinitrate). 

b. The reason for the modification of double-base powders for am- 
munition for artillery weapons was that it was found possible, thereby, 
to increase very greatly the life of tube liners of these weapons. The 
high temperatures developed by nitroglycerin compositions caused 
rapid erosion and consequent short life of the tube liners. The 
Germans found that use of a nitroglycerin powder having a heat of 
explosion value of 950 calories per gram resulted in an effective gun 
life of 1,700 rounds; and when the nitroglycerin composition was 
modified so that the heat value was reduced to 820 calories per gram, 
the gun life was increased to 3,500 rounds. However, when the 
nitroglycerin was replaced by DEGN and the heat of explosion value 
thereby reduced to 090 calories per gram, gun life was increased to 
15,000 or more rounds. 

c. The benefits of this development were not confined to increase in 
gun life, as rocket propellants containing DEGN instead of nitro- 
glycerin caused less nozzle-erosion and for this reason resulted in 
greater ballistic accuracy. In addition, since DEGN could be manu- 
factured from synthetic organic chemicals and the production of 
nitroglycerin was dependent upon the production of glycerin from 
animal fats, the substitution of DEGN for nitroglycerin lifted a 
logistic ceil ng. 

d. The foot that DEGN is much more volatile than nitroglycerin 
is a disadvantage, particularly in hot climate warfare. For this 
reason, efferts were made to replace DEGN with somewhat similar 
less volatile liquid nitrates. TEGN and metriol trinitrate: 

() 3 NH,C.CH,.O.Cn 2 .CH 2 .O.CH 2 .CH 2 N0 3 and 

CH 3 .C(Cn 2 NO ? ) 3 

were the two most promising materials developed for this purpose. 
However, the production of TEGN in adequate quantity proved 
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difficult, and metriol trinitrate was found to be sueh a poor plasticizer 

for nitrocellulose that it was necessary to use some metriol triacetate 
as a plasticizer. 

e. A further development in the direction of double-base powders 
having low heat of explosion and high gas volume values was the 
development by the British and Germans of compositions in which 
mtroguamdine was substituted for part of the nitroglycerin or the 
DEGTN . As mtroguamdine is essentially insoluble in the usual sol- 
vents and the nitrate esters, it is necessary that it be used in a very 

finely divided form and dispersed uniformly throughout the colloid 
formed by the rest of the composition. 

85. British Propellants 

a. Traditionally, British propellants have been of the double-base 

tvpe and designated as cordites. Examples of those in use prior to 

World War II are the Mk I and MI) cordites having the compositions 
shown in table LI. 


Table LI. British Cordites 

I M fcl , Ml) 
i (Jf'rmitl 1 (percent) 


Nitrocellulose*. 
Nitroglycerin. _. 
Mineral 



*13.1 jieroenL nil roper: irontent. 

In such cordites, the mineral jelly (petroleum jelly or petrolatum) acts 

as a stabilizer, and a sample of the MU cordite has been found to be 

of apparently unchanged stability after 30 years of temperate-climate 
storage. 


Table LII. Compositions of British Propellants 



Purroril 

i 

Pprnwit 

IVirwnt 

Nitrocellulose 

! y 4 7 ' 

i 


Nitroglycerin 

— — ■ — — ■ — i . 

• 

/ /. . 
1 J Q!T 

20 . 0 

riinitrotolucne 


1 -i. cSO 

UK i) 

N itronaphthalene 


in 


Nitroguanidine. 



r t *7 

Tin 

f| r. 

1 

Oh / 

Graphite. 

n 9 



Cryolite _ 


U. ZD 

r'l *) 

Ceutraiite _ 


]. 60 

U. 6 
6 . [) 


(Percent nitrogen in nitrocellulose) 


100 . 0 
(13. 1 ) j 


100. 0 , 100. o 

( 13 . 0)1 ( 13 . 15 ) 
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Table LIV. German Nitroglycerin Compositions 


: Wt nun j 47 inui | W mm . ]Q5 nun ] 511 mm ! Mortar 
I (iHSTccnt) S (percent) 1 (pcreenl) (jiercent-) ' (veive.nt) <|icreentj 


K itroccllulose 

70. 4 . 

63. 8 

60. 0 

: 60. 0 

63. 4 

f) 7. 4 

Nitroglycerin 

! 27.3 ! 

30. 0 , 

39. 0 

. 38. 8 : 

33. 0 

41. 6 

Dinitrotoluene 


■ 

l 


0 4 



Potassium sulfate 

... 6. 6 ._ 




• 


Graphite _____ 

1 


n 2 

. 

0 1 

n 9 

Centralite _ 

1 . 5 

6. 2 : 

0 . 8 



U. Zi 

as-Dipher vlurea _ _ 

0.2 _ 



0 . 8 

0 . 2 - 

0 . 8 

Elhyjplienyl urethane. 

I 




1. 5 


Diphenyhirethane, 


i 


• 

1 ! 

1 8 







1 



100 . 0 . 

100 . 0 

100 . 0 

1 00 . 0 ■ 

too. 0 : 

100. 0 

(percent nitrogen in 

nitro- ; i 



1 

fe 




cellulose) 1 (11.9)1 (12. l)j (13. l);(13ft 5); (12. 0)1 (13.3) 


Table LV. German DEGN and TFXtN Compositions 



Percent 

Pcrcwir 

Permit - 

Percent 

Percent 

Percent 

Nitrocellulose _ _ 

a 60. 5 

67. 7 

■ * • 
62.3 1 

61. 5 

b 43 5 

58. 5 

DEGN 

26. 0 . 

29. 0 

26 0 

34. 8 

18. 6 


TEGN 






9=i 1 

Nitroguanidine 



1 


j 30. 0 


Dinitrotoluene . . 

4. 0 


• 


• 


Nitronaphthalcnc_ . 

’ 2.5 






Hydro cell 11 Jose 

3 0 




: 



Carnauba wax j 0. 3 


Potassium sulfate__ 

1 


0 5 

- . - . | 

Graphite 

0 10 

0 1 

__ _ 

n 3 

O f 

Jr 

Magnesium oxide 

0. 15 

0. 25 _ 


U. I 

i 0 3 

Petroleum jelly.- 



3. 5 ' . _ . . 

1 

• 

• • 

Centralite. _ . _ _ _ 

1 3. 75 

3. 0 

7. 4 . _ . . 

1 

i 1 


4 . 0 
0 . 1 
0 . 8 

12 . 0 


as-Diphenylurca 0. 2 

Akardite ! ! 0 5 . 

F.thylpbenylurethane. . 1 1.2 i 

Diphenyl urethane ; _ . 2.0 3.25 

Methylphenylurethane . ; •_ 3. 75 

100.0 100.0 100.0 100.0 100.0 I 100. 0 

(Percent, nitrogen in nitro- ; 

cellulose) ; (12.0) (12.0), (12.0) (12.5)| (12.0)’ (12.2) 


' This composition known as “universal powder," has a heat ol cxplosioo value of 7iH> calories per irr.ini. 
* This com position lias a heat of eiplofhon value of 750 calories per jrratn. 
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87. Italian Propellants 

a. The propellants used by the Italians during; World War II are 
very similar to those used by the Germans. The major differences 
are the lack of use of nitroguanidine and the fisc of metriol trinitrate 
by the Italians in formulating their compositions. 

b. Examples of the compositions used by the Italians arc shown in 
table JLVI. 

Table LVI. Italian Compositions far Prtrptitanis 

- j 

i Percent Percent : Percent Percent • Percent Percent 


Nitrocellulose 97. 0 #10; 62 0 64. 0 

Nitroglycerin ; 28 , 0 ■ 33.0 ._ 

DEGN j | 35.0 

Rlelriol Irinilralc ; : 

Cellulose accialc I 

Phthalklc | : 4.0 ; 

Metriol triacetate 1 : • 

1 . • 

Camphor j ! ! 

Graphite ! 0. 3 : 

Tin S ; 

Petroleum jelly 1.0 2 0 j 

Cent rail te 2 0 3.0 2.6' 1.0 

Diphenyl ami lie j 1. 0 ; 

as-Diphenylurea j j 0. 1 


64. 0 *63. 5 


55. 0 


35. 0 | 27. 0 


5. 0 


4. 5 


40. 5 


2 . 0 


2 5 


100.0 100.0 100.0 100.0 100.0 100.0 

(Percent nitrogen in nitrocel- 
lulose) . (12.5) : (12. 1) (12 25) (10.0) 


• Cellulose acetate-nitrate. 

88. Japanese Propellants 

a. Because of the scarcity of animal fats from which to obtain 
glycerin and the necessity for using as fuel the petroleum that could 
have served as a raw material for the glycols during World War II, 
the Japanese used single-base propellants to a much greater extent 
than any other of the warring nations. At the end of the war, almost 
all of their technical data were destroyed prior to surrender, lienee 
only a small amount of precise information became available 
thereafter. 

b. Some kuown Japanese compositions are given in table I ATI. 
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Table L VI I . Japanese- Compositions for Propdlanis 



Percent 

1 Percent 

| Percent- 

! 

Percent Percent 

Percent 

• 

r 

Nitrocellulose _ _ 

Nitroglycerin _ 

96. 0 

j 

93. 2 

1 92. 5 

1 

91. 0 93. 1 

72. 0 

TJinitro toluene 

Tin 


5. 5 

5. 0 
2. 0 

& 0 5. 0 

1*7. O 

; i 

Potassium nitrate _ 


j 

■ 


(Iraphite.. _ 

-Diphenylaminc | 

as- Diphenyl u r ca 

j 

(Percent nitrogen in nitro cel- i 
lulose) _ __ 

0. 2 
1. 8 

0. 3 

i-o ! 

0. 5 

— — — — — , 
1 
1 

0. 4 1 0. 4 

0. 6 . | 

_ 1.5 ! 

6. 0 

1 00. 0 ' 

(12.6): 

i 

100. o | 
(131) 

100. 0 . 
02.5)' 

ioo. o ! ioo. o : 

• 

(13.0)! ( 12. 9) 

1 1 

100. 0 
01.8) 


89. Russian Propellants 

a. Tn view of the one-way traffic in ammunition between the United 
States and Russia during World War II, and lack of informative- 
ness on the part of the Russians, relatively little is known of the 
compositions of Russian propellants. Apparently, they used single- 
base powder for small arms, both single- and double-base powders for 
artillery, and double-base powder for rockets. There is no evidence 
that, like other nations, they used nitrated glycols or nifcroguanidine 
in their propellants. 

b. Known Russian compositions are given in table LVIII. 
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SECTION XII 
IDENTIFICATION 


90. General 

a. Because of the use of inorganic as well as organic compounds as 
explosives and the presence of nitrate, nitro, nitramino, azide, diazo, 
and fulminic groups in these compounds, a systematic qualitative 
analysis of an unknown explosive is not practicable. The modem use 
of mixtures of explosives would render such an approach even more 
difficult. The identification procedures in 6 and c below and para- 
graphs 91 through 94 therefore, are based on the limited number of 
standard explosives and known characteristics that may be used to 
differentiate between these. 

b. Before making any specific tests for identity, the unknown 
material should be examined for color, density, and particularly for 
sensitivity to flame, impact, and friction. The sensitivity tests may 
be made by subjecting a few grains of the material to the flame of a 
match and to impact and rubbing with a steel hammer, the material 
being placed on a steel block or hammer. Black powder flashes when 
exposed to a flame, but docs not explode when struck lightly or rubbed 
witli a hammer. Initiating explosives explode or flash when in contact 
with a flame and explode when struck or rubbed with a hammer. 
Solid noninitiating high explosives burn without explosion and are 
much less sensitive than the initiators to impact and friction. 

c. Visual comparison of the color and crystal structure of the 
unknown material with the characteristics of standard explosives 
shown in paragraphs 40 through 67 will be of assistance in tentative 
identification. Should an unknown explosive be indicated to be of the 
sensitive type, special care should be taken iu the removal of test 
samples, handling, and heating. Dense pressed pellets of explosive 
found to be, or suspected of being, of the sensitive type should be 
softened by soaking with water or alcohol prior to the removal of test 
samples. 

91. Initiating Explosives 

a. Lead Azide. 

(1) Test the explosive for solubility in water. Lead azide is 
insoluble in water. 

(2) Transfer 5 milligrams of the sample explosive to a 10-milliliter 
beaker and add 10 drops of a 10-pereent ceric ammonium 
nitrate solution. A reaction accompanied with evolution of 
nitrogen gas is indicative of the presence of azide. 
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(3) Treat the solution of the sample obtained in (2) above with a 
few drops of a 10-percent solution of potassium dichromate. 
A yellow to reddish-yellow precipitate is indicative of the 
presence of lead. 

(4) Transfer 2 milligrams of the sample to a 5-milliIiler beaker. 
Add 5 ml of a 10-percent solution of ferric chloride solution, 
A red color is formed, which disappears slowly when a few 
milliliters of dilute mercuric chloride solution are added. 
This confirms that the explosive is lead azide. 

b. Mercury Fulminate. 

( 1 ) Test. I he explosive for solubility in water. Mercury fulminate 
is insoluble in water. 

(2) Transfer 10 milligrams of the sample explosive to a fritted 
glass crucible of medium porosity. Extract the sample with 
a 20-pcrccrit solution of sodium thiosulfate, catching the 
washings in a 50-milliliter beaker containing 10 drops of a 
1-percent phenofphthalein indicator solution. When the 
mercury fulminate is treated with sodium thiosulfate, it 
dissolves with formation of alkali (NaOH), which changes the 
color of the indicator solution from colorless to red. 

Hg(CN 0) 2 + 2Na«S,0 3 + 2H 2 0-> 

HgS A+ChX* + 4XaOH 


(3) Transfer 10 milligrams of the sample to a 10-milliliter beaker 
and add 3 drops of concentrated hydrochloric acid solution 
and 2 milliliters of water. Transfer the solution to another 
beaker containing 1 drop of a 5-percent solution of potassium 
iodide. The formation of a bright red precipitate indicates 
the presence of the mercuric ion. 

c. Diet zodin itrnpken ol (DDNP). Dissolve 0.05 gram of the low- 
density greenish-yellow to brown explosive in acetone. Upon adding 
a larger volume of ice water, the explosive should appear as a bright 
yellow precipitate. Prepare a saturated solution of the explosive in 
200 milliliters of water. Add to this 5 milliliters of a 20-percent solu- 
tion of sodium hydroxide and mix. The evolution of a colorless gas 
and the appearance of a reddish-brown color in the solution indicate 
tlie explosive to be diazodinitroplienol. 

d. Lead Stypknale. Wet 0.1 gram of the heavy light orange to 
reddish-brown material with 10 milliliters of water and then add 
slowly 10 milliliters of a 20-percent solution of ammonium acetate. 
Agitate the mixture until solution is complete. Add 10 milliliters of 
a 10-percent solution of potassium dichromate. The appearance of 
a bright yellow precipitate indicates the presence of lead. To 0.1 
gram of the explosive in a beaker add 10 milliliters of a 10-percent 
solution of hydrochloric acid. Heat the mixture in a steambath and 



evaporate to dryness. Cool the beaker and contents and add 10 
milliliters of ether. Mix the contents and allow to settle. Decant or 
filter off the ether solution and evaporate this to dryness at ordinary 
temperature. Dissolve the residue in 25 milliliters of water and add 
0.1 gram of solid potassium cyanide. The absence of color indicates 
the explosive to be lead stvphnate. Other tests will be included in 
revised specification JAN L-757. 

e. Tetracene. Wet 0.25 gram of the fluffy pale yellow explosive 
with 5 milliliters of a 10-percent solution of sodium hydroxide and 
warm the mixture in a steambath until solution is complete. Note if 
there is an odor of ammonia. Cool the solution and add 1 milliliter 
of a 5-percent solution of copper acetate. The appearance of a bright 
blue precipitate indicates the explosive to be tetracene. If 0.25 gram 
of the unknown explosive is not available, the idenlification could be 
carried out microscopically. See CWS Field Tab Manual 1-3-14 
and NDKC Report on Microscopic Identification of Primers. 

92. Noninitialing High Explosives 

a. Many nonimtiatmg high explosives can be identified by making 
a series of tests and comparing the results with those given in table 
LIX. The tests are as indicated in (1) through (4) below. 

(1) Test 1. Place 0.05 gram of the explosive in a 5-rnilliliter 
beaker, add 2 to 3 milliliters of distilled water and stir for 5 
minutes. 

(«) Observe color of liquid. 

(6) Wet one end of a strip of Universal pll indicator paper and 
note any change in color. 

(c) Add a drop of Ncssler's reagent and note the color of any 
precipitate formed. Prepare the reagent by dissolving 5 
grams of potassium iodide in a minimum quantity of cold 
distilled water and adding a saturated aqueous solution of 
mercuric iodide until a faint precipitate is formed. Add 
40 milliliters of 50-percent potassium hydroxide solution. 
After the solution has clarified by settling, dilute to 100 
millili ters with distilled water, allow to settle and deeant. 

(2) Test 2. Place 0.05 gram of the unknown material in an in- 
denture of a white porcelain spot-test plate. Add two or 
three drops of a 65- to 68-percent aqueous solution of ethylene 
diamine and stir. Note the color of the solution (not the 
solid). 

(3) Test 3 . Place 0.05 gram of the unknown material in an 
indenture of a white porcelain spot-test plate and add three 
or four drops of a diphenylamine solution. Stir the mixture 
and, after 1 minute, note the color of the solution. Prepare 
the diphenylamine solution by dissolving 1 gram of diphenyl- 
aiiiine in 100 milliliters of concentrated CP sulfuric acid. 
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Table LJX. Tests of Noninitiating Explosives 
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Color appears immediately. 

Sometimes explodes mildly (putts) upon addition of sulfuric acid. 
Tests of dried water oHruet. 


(4) Test. 4. Place 0.05 gram of the unknown material in an 
indenture of a white porcelain spot test plate. Add an 
equal amount of crystalline thymol and three drops of con- 
centrated sulfuric acid. Stir the mixture and note its color 
after 5 minutes or more. 

b . If the unknown material is not identified completely by the tests 
and data in paragraphs 90 and 91 and a above, tests should be made 
to determine whether it is one of those indicated in (1) through (8) 

below. 

(1) RDX. Place 1 milligram of the white, unknown material in 
an indenture of a white porcelain spot-test plate and add 
not more than 1 milligram of thymol. Grind and mix the 
two intimately with the end of a glass stirring rod. Add 
three drops of concentrated sulfuric acid and stir. After 1 
minute, add two drops of CP 95 percent ethanol, and stir 
the mixture* The appearance of a pink or rose color indi- 
cates the presence of RDX. If a blank test is made, a 
faint pink color is developed, hut the effect of the presence 
of RDX is unmistakahle. 

(2) Composition AS. Place 0.1 gram of the material in a 
10-milliliter beaker and add two or three drops of acetone. 
Warm the mixture and allow to stand for 5 minutes. Evapo- 

- rate the acetone by gently warming on a steambath, cool, 
and add 2 milliliter of carbon tetrachloride. Cover the 
beaker and warm the contents, occasionally swirling the 
mixture. Cool the mixture and allow the undissolved mate- 
rial to settle. Decant the supernatant liquid into a o- 
millilitcr beaker, evaporate to dryness, and note if a waxy 
(not tarry) residue is obtained. Dry the undissolvcd mate- 
rial in the 10-milliliter beaker and test for RDX as described 

in (l) above. 

(3) Composition B. Place 0.2 gram of the pale yellow to medium 
biown material in a 10-milliliter beaker and add 2 to 3 
millil iters of chloroform. Cover the beaker. Warm and 
digest the mixture for 10 minutes with occasional swirling. 
Decant the supernatant liquid through a paper filter and 
evaporate the filtrate to dryness. Digest the insoluble 
residue in the beaker with three more portions of chloro- 
form, discarding the decanted liquid in each case. Dry the 
insoluble residue by evaporating any adherent chloroform. 
If the original material was composition B, the residue from 
the chloroform solution consists of TNT and wax. lest the 
TNT and wax mixture with ethylenediamine and diphenyl- 
amine as described in u (2) and (3) above. The insoluble 
residue obtained by extraction with chloroform consists of 
RDX. Test it as described in (1) above. 


. 
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(4) Composition C-3. Fla™ 0.2 gram of the putty-like explosive 
in a 10-milliliter beaker and add 5 milliliters of benzene. 
Mix and digest for 10 minutes, crushing any Jumps present 
Decant the supernatant liquid through a paper filter and 
evaporate the benzene with gentle heating. Note whether 
a dark, tarry residue remains. Wash the insoluble residue 
left by benzene extraction with two or three 3-miililitcr 
portions of a 2 : 1 ether-ethanol mixture and dry the washed 
residue. Test this as described under RDX ((l) above). 

To the decanter! ether-ethanol washings, add 15 milliliters of 
distilled water and heat the mixture until all ether and 
alcohol are removed. Note if there is separated a white 
precipitate, which is nitrocellulose. Catch the precipitate 
on a filter, wash with ethanol, dry by evaporation of the 
ethanol, and test for nitrocellulose as described in a above. 

(5) Torpez. Place 0.2 gram of the explosive in a 5-milliliter beaker 
and extract with three 3-milliliter portions of acetone. Dry 
the insoluble residue and examine this under a microscope. 
Note if it, has the characteristic appearance of metallic 
aluminum Place 0.2 gram of the explosive in a 5-milliliter 
beaker and digest with two 3-milliliter portions of benzene, 
decanting the benzene into a small evaporating dish. Evapo- 
rate the benzene solution to dryness and test for TNT as 
described m a above. Dry the insoluble residue from the 

benzene extraction and test for RDX as described in (1) 
above. ' ' 

(0) Tntonal.. Place 0.2 gram of the explosive in a 10-millilifccr 
beaker and add 5 milliliters of acetone. Stir, allow any 
undissolved material to settle, and decant the liquid. Wash 
the insoluble matter with two 5-milliliter portions of acetone 
try and examine under a microscope. Note if it has the 
characteristic appearance of metallic aluminum. Subject 
the explosive to the tests prescribed for TNT in a. 

(7) Amatol. Place 0.2 gram of I, he yellow unite rial in a 5-milliliter 
beaker, add 3 milliliters of distilled water, and stir for 5 
mtnutes. Decant the liquid through a filter and evaporate 
to dryness Test the dried solid as prescribed for ammonium 

™ ^tor-insoluble residue and test as pre- 

scribed for TNT in a. 

(8) Ammonal. Place 0.2 gram of the explosive in a 10-milliliter 
beaker and digest with 3 milliliters of distilled water. Decant 
the liquid through a filter and evaporate to dryness. Test 

1C dried solid as prescribed for ammonium nitrate in a above 
Digest the insoluble residue in the beaker with three 3- 
milhliter portions of acetone, decanting these through a 
Iter. Dry the insoluble residue and examine under a 
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microscope. Note if it has the characteristic appearance 
of metallic aluminum. Evaporate the filtrate to dryness 
by warming gently. Test the dried solid as prescribed for 
TNT in a above. 

93. Black Powder 

Place 0.2 gram of the black material in a 5-milliter beaker, add 2 to 3 
milliliters of distilled water, and stir for 5 minutes. Decant the liquid 
through a filter and catch the filtrate in a beaker. Evaporate this to 
dryness and subject the dried white solid to the tests shown in table 
LLX. Dry the water-insoluble residue in the beaker, cool, and digest 
with two 5-milliter portions of carbon disulfide, decanting these into 
an evaporating dish. Evaporate the carbon disulfide solution to 
dryness at room temperature. By means of a microscope, examine 
the yellow residue so obtained and the insoluble black residue from 
the carbon disulfide extraction. Note if they have the characteristic 
appearances of sulfur crystals and charcoal, respectively. 

94. Propellents 

Since the standard propellents are complex mixtures of nonexplosive 
as well as explosive compounds, and the separation of these com- 
pounds is rendered difficult by their dispersal in colloid ed nitrocellulose, 
simple identification tests for the various compositions are not practi- 
cable. Qualitative analysis of an unidentified propellent composition 
requires numerous solvent extractions, fractionation of the extracts, 
and tedious identification of the individual ingredients so isolated. 
The security classification of many of the standard compositions puts 
their identification outside the scope of this manual. The reader is 
referred to the applicable specifications for descriptions of the pro- 
cedures involved in the analysis of such compositions. 


nxi.-.so'— r»5 


is 


273 


SECTION XIII 

PYROTECHNIC COMPOSITIONS 



95- General 

a. Pyrotechnic compositions are low explosives that have hut 
little explosive value, because of tlieir low rates of combustion and 
the liberation of relatively little gas per unit weight of composition. 
Solid products of combustion represent more of their mass than do 
the gases produced. They produce considerable light and so arc 
used extensively for signal and illumination purposes. Although 
pyrotechnic compositions have been used for centuries for military 
purposes, such use did not become important until World War I, 
when the increased technical requirements of modern warfare neces- 
sitated the extensive nsc of signal and illuminating compositions. 
World War II saw the further development and application of such 
compositions for aerial observation, photography, and bombing 
purposes. Pyrotechnic compositions, today, are used not only for 
light but also for the heat, smoke, and/or sound. Therefore, tracer 
compositions, smoke compositions for signaling, spotting and tracking, 
delay fuze powder compositions, igniter compositions, and incendiary 
compositions could well be considered pyrotechnics. They all contain 
essentially similar ingredients, which undergo chemically similar 

j ^ 1 1 erm 1 c t e ft c t i (3 n s , which are used for the light, 

heat, smoke, and/or sound produced. Tracer and incendiary 
compositions are covered in paragraphs 104 through 111. 

b. Physically, pyrotechnic compositions are mixtures of finely 
powdered elements and compotmds, which are generally compressed 
in candle form. When signal and Hare compositions burn, they 
radiate energy in the ultra violet, visible, and infrared regions of the 
spectrum, but only the radiation in the visible region (4,000 to 7,000 
Angstrom units or 400 to 700 millimicrons) is utilized for practical 
purposes. 


96. Ingredients 

a. The most important ingredients of a pyrotechnic composition 
are the fuel and the oxidizing agent. To these may be added other 
materials to intensify the color of the light produced, decrease the 
burning rate, act as a binding agent for the other ingredients, and 
serve as waterproofing agents. In some cases, one of the added 
materials may serve more than one of the foregoing purposes. The 
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compositions generally are not stoicbiomctrically balanced, since the 
oxygen of the air plavs a part in the “cigarette burning” of a pyro- 
technic composition. This permits the use of an excess of fuel and 

consequently increased light intensity. 

b. Powdered magnesium, aluminum, and alloys thereof are the fuels 
generally used but calcium silicide, charcoal, sulfur, silicon, zirconium, 
titanium, and metallic bydrkles may be used. Materials added as 
color intensifiers, binding agents, and waterproofing agents also act 

as fuels if combustible. . 

c. The major oxidizing agent selected for use is usually determined 

by the desired color of light, luminous intensity, and burning rate. 
The nitrates of barium, strontium, sodium, and potassium, the 
perchlorates of ammonium and potassium, and the peroxides of 
barium, strontium, and lead are among the most important oxidizing 
agents that have been used. These are all compounds that can 
supply the oxygen necessary for combustion of most of the fuel 
present in the composition. 

d. The most effective color intensifiers are compounds of chlorine. 
Organic chlorine compounds are preferable to inorganic compounds, 
because of the hygroscopic! ty of many inorganic chlorine compounds 
and their consequent incompatibility with the metals used as fuels. 
Very finely powdered copper has some value as a color inlensifier when 
used in conjunction with an organic chlorine compound. Hexa- 
chlorbenzene, polyvinyl chloride, and chlorinated waxes rubbers, 
and plastics are the most important color intensifiers used. Ihese 
agents are effective because of their decomposition during combustion 
and the formation of metallic chlorides, which produce characteristic 
color bands in the flame spectrum. The portion of the inlensifier 
other than chlorine acts as a part of the fuel present in the composition. 
Since they are less reactive than metallic fuels, color intensifiers act 
to some extent as retardants of combustion. Certain intensifiers 
such as polyvinyl chloride, because of their physical characteristics, 

can serve also as landing agents. 

e Retardants are materials that are used to reduce the burning rate 
of the fuel-oxidizing agent mixture, with a minimum effect on the 
color intensity of the composition. Some retardants act only as inert 
diluents, while others take part in the combustion reaction at a much 
slower rate than the metallic fuels. Calcium carbonate, sodium 
oxalate, strontium resinatc, titanuim dioxide, polyvinyl chloride, 
ethyl cellulose, paraffin, linseed oil, castor oil, asphaltum, and sulfur 
are the most important retardants used. Certain of these serve 
other purposes as well. For example, sodium oxalate and polyvinyl 
chloride act also as color intensifiers, titanium dioxide is a source ot 
incandescent solid particles in the flame produced by the composition, 
and the waxes and oils act as fuels, binding agents, and waterproofing 

agents, as well as reLardants. 
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/. Binding agents are, generally, required in pyrotechnic composi- 
tions because of the necessity for compressing these compositions 
mio dense coherent candles and because of the nonadhesive character- 
tics of the metallic fuels and inorganic oxidizing agents used. Poly- 
vinyl chloride, ethyl cellulose, metallic resinates, oils, waxes and 
as ph altum Iiav< ‘ becn us<m1 as binding agents. Binding agents of late 
iiave been polyester and sulfur plastics, which are polymerized in the 
piesscd candle. As pointed out in e above, many of these serve a 
double purpose. In addition, they serve, in some cases, to reduce the 

sensitivity of eonqjositions that, otherwise would be unduly sensitive 
to shock and friction. 

■ & are necessary in many pyrotechnic com- 

positions, because of the susceptibility of metallic magnesium to 
reaction with moisture, the reactivity of metallic aluminum with cer- 
tain compounds in the presence of moisture, and the hygroscopicity 
of nitrates and peroxides. Waterproofing agents are applied as a 
coating on metallic fuels, such as a coating of dried linseed oil on mag- 
nesium, or as an ingredient uniformly distributed throughout the rest 
of the composition. In some cases, the metallic fuel is given a coatin- 
>y treatment with a solution of acidic or acidified potassium dh 
chromate. Waxes, resinates of metals, and natural and synthetic 
resins are used for distribution throughout the composition. Many 
of these serve also as binding agents. 

97. Characteristics 

a. The important functioning characteristics of a. pyrotechnic 
composition are its luminous intensity (candlepower) , burning rate 
color, color value, and efficiency in light production. Necessary 
characteristics for photoflash compositions are peak intensity, time 
to peak, and integral light in the required exposure time, which at 
present is 40 milliseconds. Because pyrotechnic compositions are low 
explosives and must, withstand loading operations, handling and 
storage, other important characteristics are sensitivity to static 
impact and friction, ignitibility, stability, and hygroscopicity. In 
other words, a composition must have acceptable explosive as well as 
pyrotechnic characteristics to be satisfactory for military use. 

b . Luminous intensity is expressed in candles, the unit established 

by international agreement as equivalent to the light from the flame 

of a carefully specified tallow candle. The constancy of this unit is 

now maintained by means of standard incandescent light sources 

Candlepower is luminous intensity in terms of candles. As Lite candle- 

power value of a composition varies almost directly with the area of 

the burning surface, it is customary to express luminous intensity in 
terms of candles per square inch. 

c. Burnmg rale Is expressed in inches per minute, when the. compo- 
sition burns after being pressed in cylindrical form and ignited at one 
end. 
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d. Color is a visual response of the normal human eye, which is 
most sensitive to yellow-green light and least sensitive to the violet 
and red rays near the ends of the visible part of the spectrum. Since 
the flames from pyrotechnic compositions emit light, waves of a large 
number of different lengths, and since light, of any one wave length 
produces a specific color sensation through the eye, the color and 
shade of color of a flame are determined by the summation of the 
effects of the different wave lengths. Spectrograms of green lights 
sho\v bands in the blue and green regions of the spectrum, less intense 
bands and lines throughout the entire visible spectrum due to excited 
ions, and a continuous spectrum due to incandescent oxide particles. 
Ked flame spectrograms have molecular bands in the red. region rep- 
resenting stron limn oxide and chloride, less intense lines and bands 
throughout the rest of the spectrum, and a white light continuum 
that dilutes the red color. Yellow flames, generally, ow e their color 
to sodium lines and a continuum, but certain yellow lights are the 
result of a proper combination of red and green lights or the removal 
of blue light from white light. 

e. Since changes in weather affect the apparent color as well as 
visibility of a flame, the color value (saturation) of such a light is a 
useful ratio. Color value is determined by using colored filters and an 
illuminometer. The designated color value is the ratio of the apparent 
light intensity, through the specified filters, to the total {white or 
unfiltered) intensity. 

/. The light production efficiency of a pyrotechnic composition is 
calculated from its candlepower, burning rate, and density. It is 
expressed in candles per second per gram or per milliliter. It is useful 
in making comparisons of different, compositions on a weight basis 
aud, when expressed in terms of milliliters of pressed composition, 
it is of significance because of the volume limitat ions that are general 
in the design of pyrotechnic items. 

g. Sensitivity and ignitibility are significant characteristics of pyro- 
technic compositions for the practical reasons applicable to both low 
and high explosives. 

h. While the ingredients used in the formulation of pyrotechnic 
compositions are each of a relatively high order of chemical stability, 
thi s docs not assure similar stability of the physical mixtures of these 
ingredients. This is particularly true in the presence of moisture. 
New compositions, therefore, must be subjected to stability tests in 
the same manner as high explosives and propellants. Physical 
stability sometimes is critical. Because of slow oxidation of some of 
the minor ingredients, the pressed composition may become harder 
during storage. Extreme temperature changes during storage may 
produce a nonuniform composition. Such effects of physical instability 
cause marked changes in the burning rate and candlepower values of 
compositions and the uniformity of burning. New compositions. 
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therefore, must be subjected to storage under adverse condition* 

with subsequent functioning tests, to assure physical as well as chem 
ical stability. 

The critical nature of the hygroscopicity of pyrotechnic compos i- 
tions is due not, only to the adverse effects of the absorption of an 
inert diluent on the burning rate and candlepower characteristics bin 
a so to the effect of moisture in promoting chemical instability 
Powdered magnesium and aluminum, the principal metallic fuel', 
undergo reactions with moisture according to the following equations 

Mg + 2 H 2 0- >MgfOH) 2 + II 2 
2 A1 + 6 H 8 0-»2A1 (OH) 3 + 3 IT* 

and absorbed moisture may bring about the reaction of other ingredi- 
ents with these metals, their reaction products, or with each other. 
Spherical magnesium is less reactive with water because of the smaller 
specific surface, for the same granulation, and its higher purity 
he frequently used nitrates of barium, strontium, and sodium in the 
presence of moisture react with the metallic fuels and cause deteriora- 
tion of the composition. Strontium and barium nitrates can read 
with sodium oxalate in the presence of moisture to yield the much 
more inert oxalates of strontium and barium and the much more 
lygroscopic sodium nitrate. The hydrogen produced by the above 

reactions can reduce nitrates with the formation of inert hydroxides 
ami gaseous ammonia. 

j. The instability resulting from the absorption of moisture by a 
pyrotechnic composition may result in sufficient gas pressure, to cause 
distortion or rupture of the pyrotechnic assembly. The ignition of 
*"ch pyrotedinic compositions may result, in abnormally rapid 
burning or even an explosion. On the other hand, the effect of such 
detenoralion through the action of moisture may be loss of igniti- 
bl / lty „!f ';f ,,se of thc formal ion of inert products of reaction. 

k. While it £ I not practicable to formulate pyrotechnic compositions 
from only nonhygroseopic materials, the problem of hygroscopic! tv 
can be minim, zed by the use of less hygroscopic materials, the control 
o impmities that increase hygroscopicity, and the application of 
waterproofing agents. Examples are the use of less hygroscopic 
nitrates, the use of highly purified strontium nitrate instead of the 
technical grade, and the coating of powdered magnesium with linseed 
oil, which is air oxidized to a tough film prior to use. 

98. Factors Affecting Characteristics 

As in ah other combustion processes, the rate of burning and the 

i^Wfi Y T'7 Um \ ° f !l « I ° tech “'= “^Position are affected 
arkedly by the physical condition of the material and the extraneous 

’ r T n I 11 ,S b,,r " ML Studies “hmvn the most 

„ ri ° ' fac 0rs to be burning surface area, density Goading pressure) 
granulation of ingredients, purity of ingredients, type of candle case, 
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and degree of confinement. All of these factors must be controlled 
within fairly narrow limits if reproducible results are to be assured. 

b. With increase in the area of the burning surface (diameter of 
candle), there is an increase in total candlepower. Results of tests 
of a certain composition in this connection arc given in table LX. 


Table LX. Effeds of Change in Area of Burning Surface 


Burning sirpa (aq In.) ! 

Total wwilr-s ^ 

j 

C undies per j 

fcq hi.) • 

Burning rate 
(in. /min) 

2.7 

440, 000 

I 

165,000 

14 3 

3.4 

602, 000 

1 77, 000 

14. 0 

3.0- - -- 

720, 000 

145,000 

13.9 

J ^ 

10.8 

1,426,000 

132, 000 

13.4 

l 

■ 






From these data, it appeals that increase in burning surface causes de- 
crease in the burning rate. This might be expected to result in a 
l correspondingly uniform decrease in candlepower per square inch, but 
l evidently there is an optimum burning area. W ith smaller burning 
; areas, the rapid radiation of heat prevents the development of maxi- 
mum candlepower in spite of maximum burning rate. W ith greater 
: burning areas, less benefit from atmospheric oxygen is obtainable and 

? the candlepower per square inch and burning rate decrease. These 

l. effects of change in burning area are not invariable and not equally 
pronounced for all compositions. 

c. The density of a pyrotechnic composition, as used, Ls determined 
by the pressure employed in loading the composition in its case. 
I Tests of compositions subjected to various loading pressures gave the 
i results shown by table LXI. 


Table LXI. Ejfeds of Change in Density 

C om] it km A Com position B 

Candles per Baminprat* Candles per Burn inprate 

sq in. (in./min) sq in. On./mm) 

• 

78, 300 9. 8 41 . 400 

81,800 9-1 39,100 

90.000 9.0 41,400 

93. 000 9. 0 ! 39, 000 

From these representative data, it is apparent that, within practical 
limits, increase in loading pressure causes a decrease in burning rate 
and may cause an increase in candlepower value. Increase in candle- 
power value due to increased loading pressure is usual if the metallic 
fuel of the composition consists of magnesium, while the increase is 
not noted in aluminum compositions. 



5,800 

10,000 - -- 


14,400 

• 


17,600 
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*^ 1C burning characteristics of a pyrotechnic composition are sig- 
nificantly affected by changes in the granulation and particle shape of 
the principal ingredients. In general, as the granulation (particle size) 
is decreased, the rate of burning is increased because of the increase in 
total surface. At the same time, there is a more than proportional 
increase in luminous intensity, but the color value is decreased. 
Representative data in this connection are given in tabic LXLL 

Table LX 1 1. Effects of Change in Particle Size 


I'orjifjosition 


Barium 3iitratc__ . 
Aluminum, Grade A 
Aluminum, Grade B 

Sulfur 

Castor oil 


Burning rate, in./min 
Candles/sq in 


| Percent 

j Sieve i 

j 

j Sieve number 1 

Sieve 
mini her ' 


j Through ; Held on 

Through 1 neld on 

Through 

78 

3 

12 

i s 
2 

i 

50 1 00 

50 1 100 

100 200 

80 

1 

100 150 

100 200 

200 . 

80 

200 

200 

200 

80 

j ] 00 i 

j 

1 

■ 

! 


1 • 

• 

i 

3.1 

8,400 

3.2 

10,220 

1 

3.4 

12, 620 


1 Skre 

ttUTJlttfT 

50 

80 

100 

aoo 


Sitre 

ojytnmg, 

inch 

a 01 77 

aouro 
o.oa«» 
0 . 0020 


e ; Pailit le shape may have a substant ial bearing on burning charac- 
teristics. Ground or llaked magnesium has a much greater specific 
surface than “atomized” magnesium of the same granulation because 
of the spherical shape of atomized magnesium particles. The burning 
rate values increase, with increasing surface area of magnesium. The 
substitution of atomized magnesium for ground magnesium of the 

same granulation has the effects on burning characteristics shown bv 
table LXIJI. 


Table LX 111. Effects of Change in Specific Surf 


are 


Ground magnesium, percent.. 
Atomized magnesium, perccnl 

Sodium nitrate, percent 

Resin, percent 


oc>. o 


28. 6 
4. 8 


00 . <5 
28. t* 

■1. S 


Candles per sq in 

Burning rate, in./min 

Densilv 

Candle seconds/grain. 


100 . 0 
200 , 000 
0. 4 
1. 56 
50, 000 


100 . 0 
178, 000 
5. 7 
1 . 65 
69, 200 
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j. From the foregoing, it is apparent that in order to obtain repro- 
ducible results from a given composition, it is necessary to exercise 
careful control over the granulations of the ingredients and in some 
cases the particle shape. The specifications for most ingredients of 
pyrotechnic compositions control the granulation by prescribed sieve 
tests and, where necessary, the particle shape is also prescribed. 

g. Impurities in ingredients of pyrotechnic compositions may have 
adverse effects on the shade of color produced and so must be kept 
within well defined limits. Usually, this is accomplished by prescrib- 
ing maximum contents for impurities, which are known to he present 
in technical grades of materials and have harmful effects on burning 
characteristics. 

h. The type of case into which a candle of pyrotechnic composition 
is loaded and burned has some effect on its burning characteristics. 
The use of a metal case results in greater candlepower and burning 
rate values than when a paper case is used. Even different composi- 
tions of organic and easily combustible cases cause differences in 
burning characteristics, as shown by the test data in table LX IV for 
a magnesium -sod him nitrate-resin composition. 

Tabic LX IV. Effects of Combustible Cases 




Compcvsit wi of 


Uaper 


Uakt‘lile 


Cellulose ace- 
tale 


Candles per sq in 

Burning rate, in./min. 


54 , 000 
3.8 


105, 000 
10 . 2 


30, 000 
2.8 


i. Because of Lhe formation of gaseous products of combustion, the 
degree of confinement can have marked effects on tlie burning char- 
acteristics of a pyrotechnic composition. The greater t he gas pressure, 
the greater will be the burning rate and luminous intensity, lienee, 
under certain conditions the reaction may become so rapid as to 
result in an explosion. This is parti culaHy true of photo flash compo- 
sitions. Generally, pyrotechnic com positions are burned under condi- 
tions of atmospheric pressure, but if the normal burning rate is very 
bigli, only slight confinement is necessary to cause marked increase in 
the burning rate. In some cases, excessive slag formation and collec- 
tion at the burning face can produce confinement and local explosions 

at the burning face. 

99. Manufacture and Loading 

a. Military pyrotechnic compositions arc prepared by dry-blending 
or wet-mixing of the ingredients, the former being the more generally 

used method. 
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b. Metallic magnesium and magnesium-aluminum alloys to be used in 
pyrotechnic compositions were precoated with 3 percent by weight o 
linseed oil. However, because of th e higher purity and smaller specific 
surface of atomized magnesium used in most flare compositions today, 
no linseed oil is necessary or used to coat the atomized magnesium! 
Where necessary, a more effective coating is obtained by immersing 
the metal powder briefly in a hot aqueous solution of sodium or potas- 
sium dichroma to. As a result, there is formed on the surface of each 
particle a thin layer of insoluble chromate, which is a more effective 
moisture barrier than linseed oil, particularly at high storage temper- 
ature. 

c. For dry blending, a conical blender having a capacity of 5 to 50 
pounds is used. The blender is located in a well ventilated building or 
barricade with three concrete walls and is operated by remote control. 
All equipment must be grounded and every precaution taken to pre- 
vent the accumulation and discharge of charges of static electricity, 
as the dust produced within the blender makes it hazardous. The 
weighed ingredients are placed in the blender, together with bronze 
balls about 1 inch in diameter and weighing twice, as much as the 
material In be mixed. For the more sensitive compositions, wooden 
balls or rubber stoppers arc used. One-half hour of mixing, generally, 
is sufficient. The thoroughly mixed composition is transferred to air- 
tight containers for temporary storage, prior to use in manufacturing 
pyrotechnic items. In large scale manufacture, cross-blending of 
batches is resorted lo in order to insure uniformity throughout a lot of 
ammunition. This is accomplished by placing a portion of each batch 
in each of a number of containers and blending the contents of each 
container by means of the blender used for mixing the batch. For 
wet mixing, a Simpson intensive mixer is used, the mixing tools, 
mullers, and pan of which are made of stainless steel. The mixing 
tools, mullers, anti scrapers are adjusted so as not to touch the pan. 
The weighed ingredients are, placed in the pan and wet with a liquid, 
such as ethanol, acetone, or benzene. Sufficient liquid is used to form 
a thick paste. The operation of the mixer is continued until the com- 
position becomes sufficiently granular to be screened but is not dry 
The time required for this is from 20 minutes to 2 hours. The mixture 
is then granulated by screening, dried at about 80° C. in a steam- 
heated oven, and transferred while warm to an airtight container. 

d. Except for photoflash and some smoke compositions, which are 
used in a loose condition, pyrotechnic compositions are consolidated by 
pressing into cylindrical cases of paper or metal. For this operation, 
the case is held in a split brass or bronze mold. Loading is generally 
done in increments, employing a ram with a stepped face. In order to 
facilitate ignition of the pyrotechnic composition, the last, increment 
loaded generally consists of a more ignitible “first fire com f >ositioii.” 
This is a blended mixture of one part of black powder and three parts 
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of the pyrotechnic composition being loaded. The first fire composi- 
tion of newer improved items, is a nonhygroscopic composition con- 
taining barium nitrate, silicon, zirconium hydride, tctranitrocarbazolc, 
and laminae. The candles so manufactured vary from % Lo 6 inches in 
diameter and from % to 30 inches in length. 

100. Testing 

a. Candlepower, burning rate, and color value tests of a -pyrotechnic 
composition are made of small experimental candles or of the com- 
position loaded in the assembly in which it is to be used. 

b. In either case, candlepower value is determined by means of a 
Weston illuminometer, which consists of a harrier layer photocell, 
filters, and a microammeter. The test candle or assembly is placed in 
a burning chamber or hood, the walls of which are painted a flat black, 
which is located at the end of a dark test tunnel not less than 50 feet 
in length. The illuminometer is set up at a carefully measured dis- 
tance from the point at which the candle or assembly is to be burned 
and calibrated by means of standard incandescent white light sources. 
During the burning of the candle or assembly, illuminometer readings 
arc taken at short intervals throughout the burning period and the 
average of these is calculated. 

c. Color value is determined by the simultaneous use of a second 
illuminometer, in front of which is fixed a colored glass filter chosen so 
as to transmit only the wave lengths of light emitted by the color- 
producing spectral emitters in the flame. The color value is calculated 
as the ratio of the luminous intensity measured through the colored 
filter to the total luminous intensity. This method indicates any un- 
usually low saturation of color, but measures only one spectral com- 
ponent and so does not determine the exact hue of Ihe flame. 

d. Burning rate is obtained by measuring the length of composition 
candle — exclusive of the first fire layer — to be burned, and the meas- 
uring by means of a stop watch of the time required for burning. The 
values are calculated on the basis of inches per minute. Determination 
of burning time is simultaneous with determination of candlepower 
and color value. 

e. Impact sensitivity and ignitibility tests of pyrotechnic composi- 
tions arc made in the same manner as described for high explosives. 

f. Laboratory stability tests of pyrotechnic compositions generally 
arc 1 20° C. vacuum stability tests. These tests determine the inherent, 
chemical stability of the composition but are insufficient for practical 
purposes because of the factors of hydroscopicity and physical in- 
stability involved in many pyrotechnic compositions. Consequently, 
a composition generally is tested for stability in storage by loading into 
an appropriate assembly and making functioning tests before and after 
storage for various periods under adverse conditions of temperature 
and humidity. Candlepower, burning rate, and color value deter- 
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urinations arc those usually made in the course of the functioning tests. 
In this manner, the effects of physical instability and moisture absorp- 
tion arc detected as well as any chemical deterioration that may have 
occurred. Typical storage conditions employed are 50° C. for 2 years 
and several years at atmospheric temperature ami humidity. 

g. Hygroscopic! tv is determined by placing a weighed sample of the 
dry powdered composition in a humidor mainlained at a fixed tem- 
perature and relative humidity and finding the increase in weight 
through moisture absorption during a certain period of time. Com- 
parative values can lx* obtained at 80° C. and 90 percent relative 
humidity. A more informative method is to determine the critical 
humidity of the composition. This is the relative humidity at ordinary 
temperature below which moisture absorption is nil or negligible. 
Critical humidity is determined by placing weighed samples ^in a 
number of humidors covering a range of relative humidity and finding 
the minimum humidity above which moisture absorption is significant. 
Such data can be used for establishing whether a composition should 

be manufactured and loaded in rooms in which the relative humidity 
is maintained below a certain value. 

101. Uses 

a. Pyrotechnic compositions arc used in a wide variety of ammum- 

tion items, many specialized uses having been developed since World 

War I. The most important, uses are in projectiles, flares, photoflash 

cartridges and bombs, signals, tracers, simulated ammunition, and 
target identification bombs. 

&. 1U animating projectiles, fired from artillery and 60-mm and 81- 

mm mortars are used to illuminate enemy territory at night. The 

compositions given in table LXV are representative of those used in 
illuminating projectiles. 

™ LXV - Compositions Used in Illuminating Projectiles 


Percent by weigh!; 



fiO-Tfim 

Sl-iurn | 

Hhvmrn 

1 

Sodium nitrate 

Magnesium, Type 111, 30/50 j 

! 36 

j ! 

36 | 
55 ! 

40 

48 

44 

44 

Magnesium, Type III, than I7_ J 

52 


Laminae | 

12 

9 

12 j 

12 

j 

100 

100 ; 

100 1 

100 

Candlcpower 

250. 000 

500, 000 . 

500,000 j 

1 , 000. 000 

miming time, seconds 

30 

60 

• 

60 | 

60 




c . Flares are used for illuminating purposes and embrace a wide 
variety of tactical uses. In general, flare compositions produce 
yellow-tinted white light, as this has been found to be superior to 
pure white light with respect to visual observation. Trip, airport, 
ground, aircraft parachute, reconnaissance and landing, observation, 
bombardment, arid tow-target, flares are the principal ones used. 

d. Trip flares are used to prevent enemy infiltration and arc designed 
for imbedding just below the surface of the ground or attachment to 
trees or poles. Representative trip flare compositions and their 
characteristics arc shown in table LX VI. 

Table LXV I. Compositions Used in 'Trip Flares 

, i 

; Pproeut Percent 


Aluminum 

AT <ii' r i obi’ll m 

■ 

21. 5 __ 

30. 4 

Barium nitrate 

Sodium nitrate 

Rf mn h firm nitrate 

i 

69.5 !__ 
; 

26. 6 

11. 0 

Rndium - 


5. 0 

16. 5 

i^arhoriftl f* _ _ _ 


- 

8. 3 

1 L- J 1 J 1 Ji 6**1 L»vuiu.i.v. - — 

Sulfur - . 


4. 0 ; . 


rjiknnilp _ 


1 

5. 0 

r!^ gtiir nil _ _ _ 



1. 1 

T Jn r»tl nil ^ - 


- 

1. 1 


!— 

i 

i 

: 

i 



100. ft ' 

100. 0 

namlltnov\’pr _ - - - 


50,000 ’ 

45, 000 

PQiwIlo'n^TVPr nitr STl IT) _ , 


22. 000 

22, 000 

Rurni iur MtP in / IL 11 n 

l 

2. 7 

2. 7 

x_A Ul [iJiite lUtLvj ii • -f — — — — — — • 

Explosion temperature test, 0 0 


600 

535 


e. Airport flares are used to provide illumination for landing 
airplanes in fog or rain or at emergency landing fields. They are 
designed to yield light intensities of 40,000 to 1,000,000 candles. 
Table LXVI1 shows a representative composition. 

Table LX VII. Corn-position Used in Airport Flares 


f 



IVromt 

i 

P(TOllt 

Aluminum, Grade A 

2 

» 

; Oandlepower — 

60, 000 

Aluminum. Grade B._. 

20 

! Oandlepower per sq in 

50, 000 

Barium nitrate 

62 

j Burning rate, in./min_ . . ' 

a 

5. 0 

Strontium nitrate. - 

11 

1 Explosion temperature 

64X1 + 

Sulfur ~ 

3.5 

ji test, ° 0. 


Linseed oil 

1. 5 

1 t 

| • 
li 


• 

! ioo. o 

"l 
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/. Aircraft parachute flares are used for emergency night landings 
observation purposes, and bombing operations where special tech- 
niques are applied. Representative compositions are given in table 
LX VIII. 

Table LXVfJl. Compositions Used in Aircraft Parachute Flares 
IVnrnt Percent Cerocnt 


Magnesium, Type III 52, 48 58 

Sodium nitrate , 39 j 

Laminae 9 ! 8 . ' 

Polyvinyl chloride o n 

too 100 100 

c^dtepo™ 1 1, «KI, raxT^'m 000" To^dm 

Candles per sq^ m .... 165,000 72 , 0IK) , 56 

Burning rate, in./mui.. a • ' .. 

' o. u 


9- KeconnaiaMnce and landing flares are flares dropped by airplanes 
at low altitudes for the purposes indicated by the names. Composi- 
tions used in such flares are given in table LX1X. 

Table LX IX. Compositions Used in Reconnaissance and Landing Flares 
Percent I’mcnt 


Aluminum, Grade B 

Magnesium 

Barium nilrate 

Sodium oxalate 

Sulfur 

Linseed oil 

Castor oil 



Candlepower 

Caudlepower per sq in 

Burning rate, in./min __ 

Explosion temperature test , 0 C 


100.0 | 
75,000 
32, 000 
3. 7 


100 
450, 000 
50, 000 
■12 


530 


h. Bombardment flares are dropped from airplanes at high altitudes 
and must give sufficient light to permit high altitude bombing. A 
composition that has been used in such flares is shown bv table LXX. 
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Table LXX. Composition Used in bombardment Flares 




Caudlepower 

Candlepower per sq in — 

Burning rate, in./min 

Explosion temperature 
test, 0 C 


Pwoent 


800. 000 
71, 000 
6. 1 

490 


i. Tow-target flares are towed behind airplanes by means of a long 
steel cable and provide practice targets for antiaircraft gun crews. 
The compositions used in tow-target flares are very similar to or 
identical with those used in trip flares. 

j. Photoflash cartridges and bombs are used for nighttime aerial 
photography. For photography from altitudes up to 3,500 feet, a 
cartridge is used to obtain a peak light intensity of 120,000,000 candles 
and a total light of 1.4 million candle-seconds in 0.04 second. The 
composition used contains a 30/40/30 mixture of barium nitrate, 
aluminum, and potassium perchlorate. Ignition is effected by a small 
charge of lead azide. For high altitude phoLography, there is used 
a bomb containing 85 pounds of the same composition. This gives a 
peak intensity of 3 billion candles with a total light of 85 million 
canrlle-seconds in 0.04 second. The loose composition used is con- 
siderably more sensitive to spark and friction than most pyrotechnic 
compositions, consequently, great care must be taken in blending and 
loading this composition. Recent type photoflash bombs arc loaded 
with a "metal dust” of atomized magnesium or magnesium-aluminum 
alloy powder, ignited by a central explosive burster in the form of 
metal dust explosion. This type of photoflash minimizes the vulner- 
ability to fragment and bullet penetration. 

k. Pyrotechnic signals are used extensively for communication 
between various elements of ground troops, ground troops and air- 
planes or vice versa, and airplanes in flight. White, green, yellow, 
and red lights are used alone or in combinations in the forms of stars, 
clusters, arid blinkers. Tracers are also used as aircraft signals. The 
numerous compositions employed in signals are illustrated by those 
in table LXXI. 

i. In use, parachute signals bum for 20 to 30 seconds and have 
light int ensities of 5,000 to 25,000 candles. Cluster signals bum for 
only 5 to 7 seconds, with luminous intensities of 2,000 to 35,000 can- 
dles. Blinker signals burn from 30 to 60 seconds, with light outputs 
of 2,500 to 15,000 candles. 
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Table LX XI. Compositions Used in Pyrotechnic Signals 



Magnesium 

Aluminum 

Barium nitrate 

Strontium nitrate 

Potassium jwrelilorate 

Sodium oxal&te 

Hexarhlurobeuzene 

Copper dust 

Sodium re sin ate 

Asphallum 

Linseed oil 

Castor oil__. 


White 
( permit) 


17 

15 

55 

5 


Green i Amber Yellow 
tpcrccnl) j (pcrounl) j (pcrctnl) 


59 ! 


25 ! 


50 

13 

2 


50 

17 

9 


Bed 

(percent) 


2 : 


Candlepower per sq in : 

Burning rate, in. /min 

Explosion temperature last, 0 C_ 


100 100 

13, 500 12, 000 

3. 5 4. 0 

555 ; 540 i 


100 
16,000 
3. S 
570 


100 
1, 000 
3. 8 
530 


100 
32, 000 
4. 5 
560 


102. Visibility 

a. The shorter the wavelength of light, the less its transmissibility 
through air, and the greater its absorption by particles of dust and 
moisture in the atmosphere. These factors result in considerable 
differences in the perceptibility of signals of different colors, even 
though they have the same luminous intensity and are viewed from 
the same distance. Adverse weather conditions magnify these differ- 
ences. Illustrative of these variations in the visibility of signals are 
the results of tests at ! ,468 yards given in table LXXII. 


Table LXXII. Candlepower Requirements for Visibility 



Minimum carn1]i>pnwer for visibility 


Nighttime: 


Daytime: 


ItaJ 

Am tier 

(3rccn 

1 WhiU- 

0.09 ; 

0. 18 

0.25 

0. 23 

0.29 

0. 3 7 

0. 53 

0. 2< 

430 j 

680 

900 

1000 

180 j 

190 

3(50 

290 


From these data it is apparent that red light is the most easily visible 
under both nighttime and daytime conditions. The effects of ad- 
verse weather conditions are shown by the test data in table LXXI I 1. 
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Table LX XI II. Relative Intensities of Light Required for Visibility at Night Linder 

Various Weather Conditions 


Color ol light. 

Red 

Amber 

Green 

White 


| CJpai r i 
! sty 

Light 

rrmi 

lJU-avy 

min 

Ltglit 

fOfT 

Denso fop 

Light, j 
snow j 

i 

Heavy snow 

1.0 

1. 2 . 

8. 9 

! 

3. 2 

No Transmis- 

222 

No Transmis- 

i 

i 




sion 


sion. 

2.0 

2. 1 

33. 5 

4. 1 

do 

835 

Do. 

2.8 : 

3. 2 

33. 5 

5. 9 

do 

567 

Do. 

2.5 

3.0 

132.0 

1 

3. 1 

- - .do. 

1,556 

Do. 




b. Blue light has such poor transmissibility characteristics that its 
use in pyrotechnic signals is impractical. This is particularly true in 
view of the impracticability of formulating compositions to give, blue 
light of high luminous intensity. Violet light has been used to a 
slight extent, but it also has such poor transmissibility that its use is 
negligible. 

c. Pyrotechnic compositions are used in a variety of other items, 
such as tracers, smoke signals, incendiary ammunition, whistles, 
guuflash simulators, V-2 rocket igniters, fuel igniters for ramjet 
engines and guided missiles, pathfinder beacons, etc. Use in the 
first three of these types will be dealt with in paragraphs 103 through 
111. With the growing complexity of the techniques of warfare, it 
may be anticipated that Ihc future will witness an even more extended 
use of pyrotechnic compositions. 


103. Smoke Compositions 

a. These are mixtures of materials that, undergo autocombustion 
with the liberation of a marked amount of smoke but no visible light. 
Because they are used for signaling purposes, they are classified as 
pyrotechnic compositions, but in reality they differ from true pyro- 
technic compositions because of the relatively low temperatures 
developed and the absence of visible lighL during burning. 

b. Smoke compositions may be divided into two types: those in 
which a product of the combustion reaction forms a dense voluminous 
smoke and those in which the heat of combustion of most of the 
ingredients serves to volatilize another ingredient to a smoke. Ex- 
amples of these are the production of zinc oxide by the oxidation of 
metallic zinc and the volatilization of a colored dye. Smoke compo- 
sitions frequently are loaded in a loose uncompressed condition. 

c. Signaling by means of smoke is dependent upon I lie reflection of 
daylight and therefore is limited to daytime. White, black, and a 
wide range of colored smokes (except violet) can be used for this 
purpose. Smoke signals may be in the form of rifle grenade ammu- 
nition or drift signals. The rifle grenade signals produce smoke 
puffs that peisist for 20 to 30 seem ids. 


331681V— 55 10 
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d. Representative smoke compositions are given in table LX XIV. 

Table LX XIV. Compositions lined in Smoke Signals 

! i j 

White A White B Bhick Green ■ Yellow i Red 
(percent) (penult) ! (percent) (percent) (percent) : (percent) 


M agnesi urn 

Zinc 

Red phosphorus 

Lactose 

Ammonium perchlorate 
Potassium chlorate.. 
Manganese dioxide.. 

Zinc oxide 

Magnesium carbonate - 
Hexachlorethane. _ 

Linseed oil 

Asphaltum 

Anthracene 

Indigo 

Auramiue 

Chrysodine 

Par a-nitraniline— . 



e. If the composition is one that yields a smoky product of com- 
bustion, the burning' rate ran be 5 to (5 inches per minute. In cases 
where a dye is to be volatilized with minimum decomposition, the 
combustion temperature and therefore the rate of burning must be 
kept to a minimum. Burning rates of 1.5 to 2 inches per minute arc 
usual for such compositions. 

j. Smoke compositions are not unduly sensitive and are of good 
stability although not unaffected by absorbed moisture. Their manu- 
facture generally consists of simple mixing, the ingredients sometimes 
being dampened with a nonflammable liquid so as to reduce the 
friction and spark sensitivity of mixtures of fuels and oxidizing agents. 




SECTION XIV 

TRACER COMPOSITIONS 

104. General 

a. Tracer ammunition for both small arms and artillery is used for 
determining range and directing fire. In small arms cartridge tracers, 
the rear of the bullet has a cavity into which are loaded tracer and 
igniter compositions, using a pressure of 70,000 to 85,000 psi. Some 
artillery projectiles have a cavity in the base, into which tracer and 
igniter compositions are loaded under a pressure of about 110,000 psi. 
Other artillery shells have a separate tracer component, which is 
loaded and screwed into the projectile. In some types of artillery 
ammunition, the tracer composition serves also to provide self-destruc- 
tion of the projectile after a definite time interval when fired. In 
such cases, a black powder relay at the bottom of the tracer cavity is 
ignited by the burning tracer composition, and the flame from the 
black powder primes an initiating charge, which detonates the high 

explosive bursting charge in the shell. 

b. In effect, the tracer composition is ignited by the hot gases re- 
sulting from burning of the propellent charge. However, since tracer 
comj>osiLions are relatively difficult to ignite, there is loaded on top 
of the tracer composition a much more easily ignitible igniter com- 
position. This is generally done with a stepped ram. As a brilliant 
light from the igniter composition may dazzle the eye of the gunner 
and the completely visible trajectory of the round would betray the 
position of the weapon, a "dim igniter” composition is used. Igniter 
as well as tracer compositions are classified as pyrotechnic composi- 
tions because of their compositions and their production of light when 
burned. 

105. Compositions 

Tracer compositions, which give red and white lights, are used in 
ammunition. Tracers burn for A to 20 seconds and have intensity 
values of 200 to 2,000 candles. Examples of tracer compositions are 
shown by table LXXV. 
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Table LX XV. Tracer Compositions 


Magnesium 

Magnesium-ahimii] 11 in alloy 

Chlorinated rubber... 

Strontium nitrate 

Barium peroxide 

Calcium resinat-e 

Polyvinyl chloride 


Red , Red Red ! White 

(percent.) {[M-recnO ([»ereent> {[wrceuli 

28 35 

10 ! 37 i ; 

5 ' 

55 1 56 55 32 

31 


100 100 | 100 | 100 
I 


106. Stability 

The tracer compositions in paragraph 105 arc quite stable with 
respect to heat, but some are particularly susceptible to deterioration 
by the absorption of moisture. This is because of the ready hydration 
of peroxides and magnesium. Accordingly, they must- be loaded in 
rounds designed for protection against the absorption of moisture 
present in the adjacent propellent charge. Deterioration of the tracer 
composition results in loss of ignitibility and may cause swelling of 
the projectile. 


107. Manufacture 

Tracer compositions arc manufactured by the wet method described 
for pyrotechnic compositions. Although they have high explosion 
temporal ure test values (500° to 625° C.) and are not unduly sensitive 
to shock, in some cases they are particularly sensitive to spark and 
friction when in a loose uncompressed condition. Special care, there- 
fore, must be taken in their manufacture and handling. 


108. Tests 

Tracer compositions are tested in the same maimer as other pyro- 
technic compositions except that the high pressures used for the 
loading of tracers makes the use of similar pressures desirable in the 
preparation of test samples. Accordingly, test samples generally are 
loaded in tracer l>odies instead of candles. This permits tests under 
rotation, as well as static tests. The rotational test also employs an 
air blast to duplicate flight conditions. Most tracer compositions 
bum more rapidly under rotation then when burned statically. 


109. Igniter Compositions 

a. Igniter compositions used in conjunction with tracer composi- 
tions are designed to have much lower ignition temperatures ant! 
produce very little gas. This latter feature makes them much less 
luminous than the tracer composition. If practically no luminosity 
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is developed, the composition is known as a “dim igniter composi- 
tion.” Exarjiples of igniter compositions are given in table LXXVI. 

I Table LX XV l . Igniter Corn-positions 

I A B Dim 

■ (percent) (percent) (percent) 


17 12 . 

. _j . i 32. 5 

SI : S7 

. .... SO 

; 17. s 

1 ' 


too! 100 ; 100.0 

b. Computations A and B have explosion temperature test values 
of only abmitf 375° C., while that of the dim igniter composition is 
450° C. Tljrse values are distinctly lower than those for tracer com- 
positions. Dpiiter compositions are even less sensitive to shock than 
tracer compositions, and are very stable with respect to resistance to 
heat. Howwerer, those containing a peroxide are susceptible to deteri- 
oration thrtjugh the absorption of moisture and their air-dust mixtures 
are readily exploded by an elect ric spark. 

c. Became of these characteristics and the fact that relatively 
small quant ities are used, igniter compositions are manufactured on a 
small scale ty wet-mixing methods. Extreme precautions are taken 
to prevent the formation of air-dust mixtures or the spark discharge 
of static electricity. The binding agent, is dissolved in an excess of a 
volatile sob veil l, such as carbon tetrachloride, and the fuel and oxi- 
dizing agent are wet thoroughly with the solution and mixed. The 
volatile sol’ vent is then allowed to evaporate at room temperature, 
with intenniittent stirring of the solid, under conditions of forced 
ventilation. If no soluble binding agent is used, the ingredients are 
mixed medbanically in the presence of an inert moistening agent, 
which later is removed by evaporation. Proper granulation is obtained 
by sieving like material while still damp and dust less. 

d. Igniter compositions produce very little gas when burned, and 
they arc 1*;S3 exothermic than tracer compositions (BOO and 1,100 
calories per gram, respectively). They owe their high ignition value 
to the fornTriation of nonvolatile oxides, which become highly incan- 
descent,, aiijd are the source of much radiant energy. These solid 
products of| combustion are removed from the tracer cav ity by the 
rush of g%jps produced by the tracer composition after ignition of 
the tracer tins taken place. 


Magnesium 

Manganese. 

Barium pernxxLle 

Lead chromarxt. 

Sulfur. 

Zinc stearate.. 

Calcium resit: ja:e 
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SECTION XV 

INCENDIARY COMPOSITIONS FOR PROJECTILES 


110. General 

Incendiary compositions arc used in small arms bullets and artillery 
projectiles. They must be sensitive to the force of impact of sueii 
projectiles and undergo burning rather than explosion. For maximum 
incendiary effect, they should produce a high percentage of solid in- 
candescent products of combustion. They may be considered inter- 
mediate between thermite compositions, which produce no gases, 
and tracer compositions. Thermite compositions are not sufficiently 

L* 

sensitive to impact to be suitable for use in incendiary ammunition. 

111. Compositions 

a. Examples of incendiary compositions for projectiles are given in 
table LXXVII. 


Table LXX V 1 1 . incendiary Compositions* 



• 

■ 

Permit ^ 

Prrcent 

50/50 Ma^iM!siiarn-a!iiTnimim aliov . . . 


48.0 

48. 0 

Bari fun nitrate _ 


50. 5 

50. 5 

Linseed oil ....... _ 


i. 5 


Asphaltuim _ __ 

- 


1 5 


• — 

100. 0 

J . ni 
100. 0 


Such compositions are even less sensitive to impact than the least 
sensitive of the standard high explosives and have relatively high 
explosion temperature test values (585° C.). The very high forces 
of bullet impact arc sufficient to cause autoignition, although the 
force of setback, when the round is fired, is not sufficient to accom- 
plish this. 

b. The incendiary compositions in a above are not oxygen balanced, 
there being a marked deficiency of oxygen, with respect to that re- 
quired to cause complete oxidation to oxides. Essentially, the only 
gas produced is nitrogen, liberated by the decomposition of barium 
nitrate. The chief products are t lie oxides of magnesium, aluminum, 
and barium. The oxides become incandescent and have a high 
incendiary value. 
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SECTION XVI 
PACKING AND MARKING 


112. General 

а . The witde range in the sensitivity, stability, and hygroscopicity 
characteristics of explosives and propellents has required the develop- 
ment of appropriately varied types of packing. The sensitivity of 
initiating explosives to shock and friction, that of black powder to 
spark and flame, the decreased stability of some propellents in the 
presence of moisture, and the. hygroseopieity of many propellents and 
black powder have necessitated such extremes as packing in a wet 
condition am the use of airtight containers that must withstand a 
prescribed i internal pressure. On the other hand, the nonhygro- 
scopicity and relative insensitivity of some high explosives permit the 
use of cartons, which are collapsible and can be reused when these 
explosives air* packed for interplant shipment or short term storage. 

б. Bulk puiming, pyrotechnic, smoke, tracer, and incendiary com- 
positions art' not subjected to shipment or storage, being manu- 
factured and loaded at the same plant. Special packing containers, 
therefore, an? not prescribed for these compositions. 

c. The nuarking of containers for explosives and propellents is 
prescribed b-v drawings and U. S. Army and L. S. Navy general speci- 
fications and comply with regulations of the Interstate Commerce 
Commission . The name of the material, lot number, specification 
number, munufaclurer’s initials or symbol, ammunition Identifica- 
tion Code symbol, contract number, date of manufacture, gross 
weight, cubiical displacement, and the dangerous commodity designa- 
tion required by the Interstate Commerce Commission regulations 
are the most general markings. Markings may include also grade 
and/or class,, plan t where man u Ihctured , and a box n umber. Initiating 
explosives sue marked to indicate their nature and a prohibition 
against stornng or loading with other explosives. 

113. Initiating Explosives 

a . The sensitivity of explosives of this type to shock and friction 
necessitates- that these be packed in a wet condition. Because of the 
low solubilirty of lead azide, mercury fulminate, diazodiniLrophenol, 
and lead sty?hnate, water can be used as the wetting agent. How- 
ever, if shipment- or storage under low temperature conditions is 
anticipated.' a mixture of equal weights of water and ethanol is 

permitted. 




6. Approximately 25 pounds of the explosive, wet with not less 
than 20 percent of liquid, is placed in a duck or rubberized cloth 
bag and covered with a cap of the same material. The hag is tied 
securely so ns to prevent leakage. Not more than six such hags are 
placed in u larger hag of the same material. The larger bag is tied 
securely and placed in the center of a watertight metal or wooden 
barrel, drum, or keg lined with a heavy, close-fitting, jute hag. The 
large bag containing the explosive is surrounded with well-packed 
sawdust that has been saturated with water or water-ethanol mixture. 
The bag forming a liner is closed by sewing l>efore the barrel, drum, or 
keg is closed. Not more than 150 pounds (dry weight) of initiating 
explosive is permitted in a single container. 

114. Noninitiating High Explosives 

a. Nitroglycerin, as such, may not be shipped by freight or ex- 
press and almost invariably is manufactured at the plant where it 
is to be used. 

b. Nitrocellulose. because of its scnsitiviLy to spark, is wet with 
at least 20 percent of water and packed in watertight drums. 

c. Because of sensitivity to shock, BDX and I’F.TN are wet with 
water or ethanol-water mixture, so that the paste or slurry contains 
not leas than 40 percent of liquid. This paste or slurry is placed in 
duck, rubber, or rubberized cloth bags holding not more than 50 
pounds (dry weight) of explosive. These bags of explosive are 
placed in a larger bag of the same material. The small bags are 
surrounded with water and the large bag is closed securely. This 
hag is then placed in a watertight barrel, keg, or drum. The dry 
weight of explosive in one container must not exceed 300 pounds. 
It is of interest that, during World War II, the Germans packed RDX 
in u dry condition. 

<1. Ammonium nitrate, because of its great hygroscopic! ly, is packed 
in moist ureproof metal drums or paper bags. The metal drums are 
lined with paper and may be of the single-trip type. Single-trip 
drums and burlap-covered paper bags for packing ammonium nitrate 
have a maximum capacity of 100 pounds. 

TNT. tetryl, explosive “D," picric acid, haleite, and nitroguani- 
diue are almost non hygroscopic. For lengthy storage or oversea 
shipment, they are packed in wooden boxes lined with waterproof 
paper and holding 50 or 100 pounds of explosive (fig. 81). For inter- 
plant shipment or temporary storage, such explosives can be packed 
in fiber cartons which are lined with a waterproof paper bag ami hold 
approximately 50 pounds of explosive (fig. 85). Such cartons arc 
collapsible and can be reused, the paper bag l»cing destroyed after 
emptying. 

/. Binary explosives such as amatol, letrvtol, picratol, torpex, ami 
tri tonal generally are manufactured at the loading plants where they 
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Figure H/ h Wooden box for parting high (f ploftiten. 
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are to l»e up***' and are not subjected to packing. PcntoHte, composi- 
tion A 3, t*d composition II arc sometimes shipped to loading 
plants or placed in storage. They are packed in a dry condition in 
50-pound wiKtden boxes or fiber drums lined with moistureproof paper 
bags, since tkey arc much less sensitive than the PETN and RDX 
from which they are made. Composition C-3, when shipped in 
hulk. Ls par li'd in wooden boxes holding 58 pounds and lined with 
oilproof and noistureproof paper bags. 

Military* dynamites and demolition explosives such as the C-3 
composition .like their commercial counterparts, are packaged in 1 - 
pound sticks- or blocks with paper; and these are packed in paper- 
lined woodcr< boxes holding 50 pounds of explosive. The paper 
used for pan- aging and packing generally is required to be oilproof 
as well us in* failureproof. 

115. Black ?owder 

Because ntf its extreme sensitivity to spark and its great hygro- 
scopicity, blu?k powder is packed in airtight steel drums, which bold 
25 pounds of powder. These, sometimes, have small, slide-type 
gasketed clo**ires. 

116. Propc Bants 

The hygrcescopicily of nitrocellulose propellants in general and the 
adverse effect «*f moisture absorption on stability and ballistic value 
render nece^^ary the packing of propellants in airtight containers. 
Copper-lined! wooden boxes, tested for resistance to air pressure of 
5 psi. were .sed formerly for all ty pes of propellants and are still 
standard (fig: Sti). These vary in size, holding as much as 150 pounds 
of powder. More recently, there have been standardized containers 
of stainless ->>eel with a bonded outer layer of plywood and containers 
made of heavier, galvanized steel dig. 87). Containers for propellants 
have relatively large, rubber-gasketed closures of the clamping type, 
with pressure applied by means of a screw. It has been found that 
propellants .-stored in such containers do not undergo change in mois- 
ture content *ven under the adverse conditions of tropical storage. 
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SECTION XVII 
STORAGE 


117. General 

a • Because of (he area of dcstruc Liveness of explosives and pro- 
pellants in the event of accidental ignition or detonation, it has been 

necessary to establish rigid regulations for the storage of such ma- 
terials. 

6. On the basis of data for actual explosions, there was established 
the original American Table of Distances for the safe storage of explo- 
sives and ammunition. This has been revised on the basis of addi- 
tional data, such as those given in R. Asslie ton's "History' of Explo- 
sions" {1930) and C. S. Robinson's “Explosions, Their Anatomy and 
Destructiveness" (1944). This tabic shows the maximum distances 
at which damage to surroundings might be expected in the event of 
explosions of various magnitudes. 

c. Explosions can cause death or Injury to personnel either directly 
or indirectly, damage to surrounding structures and vehicles, and 
ignition or initiation of other explosive material stored in adjacent 
buildings. Since these elTccts may be reduced or prevented by the 
barricading of magazines, control of quantities, or other means, the 
most recent regulations take into account inhabited building, public 
railway, public highway, magazine, and underground installation dis- 
tances, as well as types of storage. The-p eH i nont regulations ftrr 

™ ?-/?!< j " ' ' s/>ec,n< - 

118. Definitions 
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^ * 

between the location of an explosive and a structure oceupied^atTa 
habitation or where people arc accustomed to assemble, hotfiwithin 
and outside of government establishments^ Land outsfTfcthe bourn I - 
aries of such an establishment is consklJXl as^pf^sible sites for in- 
habited buildings. Inhabited build i^^A^tnces represent those at 
which buildings will bet safe froni-M^l&rantial structural damage bui 

not minor damage, sucjB as. ^Mkaking of window glass or cracking 
of plaster. r -'lA 

/>. Public railwayyli|tsmce is the minimum distance permitted be- 
tween a lire orejptosion hazard and any steam, electric, or other public 
railwaythat^carries passengers for lute. This is representative of the 
distapetfat which railroad cars are considered to be safe from the con- 






yj n 


■ Ci 


■ "i 


££ 


302 


decreased distances apply when materials flf classes 6, arc 

involved, but do not abply wit.h^) then dMsosjii-saS(^na]s . If a pri- 
vately owned railwayMoea aot for hire, magazines 
and storage sites 400 feet away, unless the public 

railway dislanceMg^hpkon the basis of quantity-class requirements. 
When opgKitTTigbuiklings are involved, these must be separated from 




between a fire or explosion hazard and a public highway, such ag a 
road, street, alley, or navigable body of water open to use by tlu/gen- 
eral public. A navigable body of water is one suitable for negation 
by barges, tuglxmhs, or larger vessels. Public highway/distances 
represent, the distances at which persons in the open armsafe from the 
concussion effects of explosion. / 

d. Magazine distance is the minimum distance permitted between 
any two magazines. It is the distance expected to prevent the propa- 
gation of explosion from one magazine (Jo another by blast effect or 
missiles. However, it does not protect /other magazines from severe 
structural damage. Magazine areas If afe/divided into blocks of not, 
more than 200 magazines ; and such blbyks are required t o be separated 
by a minimum distance of 1,400 

e. Underground installation trirarancc is the minimum distance per- 
mitted between an cxplo 5 i 0 jyt«* z a id and underground installations, 
such as piping, conduit J t impels, tanks, and oilier construction below 
ground level. Based/in yne permanent displacement of ground sur- 
rounding the probable ftrater in the event of an explosion, this distance 
should prevent the rupture of underground installations and disruption 
of electrical servicp^. 

/. Missile distance has to do with ammunition rather than explosives 
or propcHaiite/but is involved when explosives or propellants are to be 
stored in locations adjacent to those used for the storage of certain 
classes of ammunition. Missile distance is the same as inhabited 
building distance when ammunition items of classes 3, 4, 5, 6, and 7 
are/nvolved and is based on the limiting range of a considerable num- 


v. Ti 


n 


i r«j*j ■ rjT« 




.If Ell 


lT u! r< qj (V i 


*ra ■ lei 


iM r ei ■■ ■ ■ ■ in lvi ■■■! ftlfi I'liill 


119. Barricades 


screens a storage magazine permits reduction by one-ha]£^Hhe maga- 
zine, railway, or high wav dis tailed/ yu 1 tsiuy^xpldsives and propel- 

lants. Tlie use of a baWieaJJ s( orugc to be made in 
certain locations whee^ti^&B#^ because of standard 

quant ity-<listancejeqmrements. Barricades are intended to protect 
again effects of explos ions, but not from m issile dam- 

a g ^Prnro exposure liazaids. Itll ec li v e screening by natural features 
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line drawn from the top or any side wall of the magazine containing 
the explosives to any part of the magazine or other building to b <ypro~ 
tected passes through the intervening natural or artificial barncade. 
For railroads or highways to be considered barricaded, such a/ne must 
pass 12 feet above the center of the railroad or highway. /While it is 
permissible to locate an artificial barricade adjacent to the building 
containing the hazard or to the building t-o be protect, it. is believed 
that the latter offers the greater protection. However, barricading of 
the building containing the hazard has the advantage of furnishing 
protection in all directions. 

b. Hein forced concrete, earth-covered igkSo magazines are consid- 
ered barricaded in all directions except nt/the door end. Other types 
of magazines are not considered iJiryicaded. When concrete igloo 
magazines are not barricaded at llwaoor end, unbarricaded distance 
requirements apply in from ^>f tH^magazine in the area bounded by 
lines at angles of 30° to the.a^dpttf the magazine that passes through 
the door. t\ * f 11/ ^ ^ 

1 20. Magazines ^ 

a. Explosives and propellants are stored only as packed in standard 
containers. Prefemoly, they are stored In earth-covered, concrete 
magazines {fig. 8$) ; but an older type of above-ground magazine is 
permissible, amj’; in special cast's, magazines in hillsides or beneath the 
surface of thp^groimd are authorized. Above-ground magazines other 
than igloo^are constructed of fire-resistant materials, such as asbestos 
sheet imperials, which will not form dangerous missiles or firebrands 
in the/event of an explosion, Some older magazines, built of hollow 

still in use (fig. 89). These have lightweight roofs of mctaJ 
corrugated asbestos, so that I he major force of an explosion will be 
4 l is B i nftted unwimb; — 



good drainage. Grass or other vegetation adjacent to and extend^ 
over igloo magazines must be kept cut; and all dry debris mu* be. 
removed A 50-foot space cleared of dry grass, leaves, and/bbbish 
must be maintained around above-ground magazines. Tfees may 
remain in magazine areas, provided these are separated frimi adjacent 

woods or forests by fire lane's or open areas. / 

c. Storage magazines, in general, are not provided with heat or 

electric lights. Where heat is required to prey-ht the condensation 
of moisture or the freezing of material coils arc so installed 

that, explosive material cannot come ijj.#^ ct wlLh the °° lls * 

121 . Magazine Storage 0 N/ 

a. Containers of explosives aml^pcllants are stored in magazines 
in accordance with special motions In general the containers 
are stored with aisles bk w ae^facks and magazine walls so that units 
in each stack can be m&cyflor removed. Methods of stacking must 
provide good ventUatfffi^ all parts of the stack, dunnage being used 

if necessary. / , . , • . 

I, Incomplete bptfes of explosives must be marked conspicuously 

and stored a part/from full boxes. Damaged containers of explosives 
are not stored^ a magazine with serviceable containers. Open con- 
tainers antriron miners with insecurely fastened covers arc not per- 
mitted i/torage magazines. No repair work may be done in maga- 
zines efotwning explosives. Black powder containers must not be 
ope/d in a magazine in which explosives or ammunition are stored. 
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each oilier. They should not be stored in a dry condition arid prefab 
ably not in shipping containers. / 

c. Propellants should be stored so as to have minimum variation 
in temperature and free circulation of cool, dry air. If the tempera- 
ture in a magazine exceeds 100° F. for a period of more than 24 hours. 

the magazine should be cooled or the material removed td another 
magazine. JT 

122. Storage Classifications / 


ora: 


a. Explosives, propellants, and ammunition in storage are recog- 
nized as representing varying degree of hazard with respect to fire 
and explosion; and this has led to their being divided into a number 
of classes, the estahlislnnent of storage compatibility lists, and the 
setting up of separate quantity-distance requirements for each class. 
All standard explosives and propellants in brflk are included in four 
classes as follows: / 


!er. 


propellent powder with web thickness 


Class 2 I / 

Single base, multiperforated propcH&J pofrdois with web thickness greater 
than 0.019 inch. jd / 

Class 2A 

Single base, single perforated rifle pdMIer. 

Single base, single perforated ariilLJ# propellent powder with web thickness 
of 0.035 inch or less. 1/ tty 

Multiperforated propellent pcftliXs with web thickness of 0.019 inch or less. 
Double base propellent powrieft^wiih web thickness of 0.0075 inch or greater 
and containing iftt. more Wn 20 percent nitroglycerin. 

Single base pislol, snotgefc, land similar low-pressure ixjwders. 

Clara 9 v\ I ¥ 

Double base prof^lfent^owders conlaining more than 20 percent- nitro- 
glycerin. — ' V y' 

Double base propeUerff powders containing less than 20 percent nitroglycerin 
and with web thickness less than 0.0075 inch. 

Bulk priming explosives. 

Bulk initiating explosives. 

Bulk high explosives. 

Bulk black powder. 

Bulk dynamite. 

E. C, powder with less than 30 percent water. 

Photoflastt powder. 

Class 12 / 

E. C. bowder with 30 percent or more water. 

Nitrocellulose with 8 to 30 percent water. 

Amnionium nitrate. 

dA t 

^/Explosives and propellants in storage are. so separated that dis- 
sbhilar hazards are segregalcd. Except when the total weight in one 
/lagazine is not more than 1,000 pounds, explosives and propellauts 
in two or more groups are not stored together. This proven Is the 
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least ignitible mater ials. 

c. Where conditions do not permit the separate, storage of indivtdd 
items in a class, these may be stored together. However, in the storage 
of class 9 explosives in bulk, these are divided into the following /roups 
for purpose of mixed storage; and mixed storage of items pi more 
than one group is prohibited. 


Group i 

Dvnamite 
Photoflash powder 

Groups 

Ammonium nitrate 
DXT 

Nitrocellulose (wet) 

Group $ 

Composition A, A-2, and A-3 
Composition B 

Composition C, C-2, and C-3 
Cyelotol 

Cralcring explosives 
Explosive “D” 

Mmol 

Xitro guanidine 

Xitrostarch 

Pentolite 


Group 3 —' Continm 


Picric acid 
TN T 


Gjoajfy 

E. C. powder in bu. 
Propellauts, class 
Propellants, clas/2A 
Propellants, el/s 9 

Grou p 5 

Tetn! 

RD „ , 

Group G 

iide, wet 
ityphnate, wet 
hUKiury fulminate, wet 

TN, wet 


Group 7 


Black powder 


d. While the separat 
required in groups of pr 
is made in above-groun 
prevent the spread of 
fire or explosion in one 


o 


/ 

es of explosives and propellants is not 
daggered igloo magazines, when storage 
igazines, separation is practiced so as to 
j^age throughout an entire area in ease of 
art of the area. The requirements in (1) 

through (3) below arc fallowed. 

(1) Smokeless ponders and other materials which are principally 
fire hazards'! are stored at inhabited building distances from 
high -explosives magazines and at missile distances from 
ammunition magazines. 

(2) M&terutis of class 9 are stored at missile distances from am- 
munition of classes 3, 4, 5, 6, and 7. 

(3) Magazines located between areas in which high explosives, 
ammunition, or smokeless powder are stored, are used for 

e storage of such oilier material as will minimize the danger 
of fires and explosions progressing from area to area. 

12 3. /Quantity-Distance Requirements 

/ The established quantity-distance requirements for various 
!sses of explosives and propellants are given in tables EXXYI1I to 
, dn eit u 
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Table LXXVIIL Requirements for Clan* 5 Explosives 


Quantity. t winds 


Un barn c fide d distance in feet from nearest 


Not over 


Inhabit* 1 *] 

building 


Public 

highway 


4 

5 

60. 000 
70, 000 
80, 000 
00, 000 
100, 000 
200 , 000 


70, 000 
80, 000 
90, 000 
100, 000 
200, 000 
800. 000 


ffi 


200 

250 

285 

.310 

330 


a 
360 
375 




100 

150 
200 
250 
285, 
3 


Tf] 


Table LX XIX* Requir^/ ^ Lts for Class 3 A Explosives 


Qusmtity. pounds 


f 


IbibarriKHh-d distance in fee t from nr Hirst— 


Over 


Not over 


i'll 


Public 

luehwav 


50 

75 

115 


Public 

railway 


102000 


15. 000 
20, 000 
25, 

30. 000 
35, 000 
10, OOg 
15, 060 

styooo 
urn, ooo 
JS0, ooo 
200, 000 


m, 

/ 25. 


ooo 

(W0 


40. ooo 
45. 000 
50. OOO 
1 00, OOO 
1 50. 000 
200. 000 
250, 000 


C> C* 


Quimliiy, pounds 


Table- LX XX. Requirements for class 9 Ex plosi ve* 

nnnnriu Unbamcaded distance m (cel from nearest 


Over 


Not over 


7, 000 

8 , 000 
9, 000 

10, 000 
15. 000 
20, 000 


10 

25 

50 

1 liO 

10 1 

25 

50 ; 

100 ; 

onn 

100 

ZUU 

200 

300 

300 

400 

400 

500 ; 

500 

600 

600 

700 

700 

800 

800 

900 

900 

1, 000 • 

1, 000 

1, 500 

1, 500 

| 2, 000 

2, 000 

! 3, 000 

3, OIK) 

4, 000 

4, 000 

| 5. 000 

5, 000 

6. 000 

6,000 

, 7, 000 


8, 000 

9, OOO 

10, ooo 

15. 000 
20, 000 
25, OOO 


Inhabited 

building 


145 
145 
145 
240 
360 
520 
610 
720 
800 
860 
920 
980 
1, 020 
1, 060 
1 . 200 
1, 300 
1. 120 
i, 500 
1.560 
1, 610 
1. 660 
1. 700 
1. 740 

■2.W 


25, 000 : 

30,000 

M2, 360 

30, 000 1 

35. 000 

-AaSl^io 

35. OOO 

40. 000 

\jf7550 

40, 000 

45, 000 

/2. 680 

45, 000 

50, OOO 

/ 2, 800 

50. 000 1 

55, 000 . 

/ 2. 920 

55, 000 

60, 000/ 

3, 030 

60. 000 j 

65, 000 

3, 130 

65. 000 : 

70,OUO 

3, 220 

70, 000 j 

75/000 

3,310 

75, 000 

80, 000 

: 3, 390 

80, OOO 

/85, 000 

3, 160 

85, 000 

/ 90,000 

3, 520 

90, 000 / 

' 95,000 

3, 580 

95. 000 / 

100, ooo 

3, 630 

100, ooo / 

125, 000 

3, 670 

125, Q0(y 

! 50. 000 

3,800 

150, 000 

1 75, 000 

3, 930 

1 75, 000 

200. 000 

4. 060 

200/000 

225. 000 

4. 190 

2 d, ooo , 

250, 000 

4, 310 


Vnblk; 

highway 


45 

45 

45 

70 

110 

150 

190 

220 

240 

260 

280 

300 

310 

320 

360 


isfro 

/ 490 
500 
510 
520 
530 
580 
630 
680 
720 
760 
800 
840 
880 
910 
940 
970 
1, 000 
1 , 020 
1, 040 
l, 060 
1, 080 
1,090 
1, 100 
1, 140 
1. 180 
1 , 220 
1,260 
1, 300 


fublie 

railway 


90 
90 
90 
140 
220 
310 
380 
430/ 
48(9 
520 
/a 50 
/ 590 
610 
640 
720 
780 
850 
900 
940 
970 
1, 000 
1, 020 
1. 040 
1,070 
1, 170 
1.270 
1. 360 
1. 450 
1. 530 
1,610 
1. 680 
1. 750 
i, 820 
1, 880 
1. 940 

1 . 990 
2,040 

2, 080 
2. 120 
2. 150 
2, 180 
2.200 
2, 280 
2, 360 
2, 440 
2. 520 
2, 590 


M siyazine* 


r 

/eo 

80 

100 

120 

130 

140 

150 

158 

165 

170 

180 

210 

230 

260 

280 

300 

300 

300 

300 

300 

300 

300 

300 

300 

300 

300 

300 

300 

300 

400 

400 

400 

400 

400 

400 

100 

100 

400 

400 

800 

800 

800 

800 

800 

800 


'he above distance requirements 


may be halved when tbc marine containing the hazardous muleria] 
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only and separated by inhabited building distances from areas jefm- 
tairiing explosives or ammunition, they may be stored in accofdanec 
with the requirements for smokeless powder. When storeddnan area 
where there is a possibility that explosives may be •^projected into 
them, class 12 explosives arc stored in aecfft-dance^mb the require- 
ments for class 9 explosives. /It 


1 24. Protection Afforded by Present j$|$6ge Methods 

The principles, requirements,<3nd^rcKa’dures laid down in this 
section may appear ppmewhai \Ak Creme and onerous in practice. 
Ho wev er, there has been noimyjor disaster involving a storage area 
since they were deve^cd/JMfowing the Lake Denmark explosion in 
1 926, and minor incidcjE^have been rare. The application of modern 
methods of storing eyfflosives and propellants not only permitted safe 
storage of the hpge quantities involved in World War II and the 
postwar perio^Dut has found use in the construction and safe opera- 
tion of plants for producing such materials. The improved quality 
and stability of explosives and propellants, as now standardized, have 
contributed to safety in storage, hut most important is the protection 
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SECTION XVIII 
SHIPMENT 


125. General 

a. There is an extensive requirement for intcrplant and oversea 
shipments of explosives and propellants and shipments to and from 
reserve storage arc particularly necessary during peace time. Miscel- 
laneous shipments include those of salvaged explosive materials and 
explosives and propellents required for use in experimental and 

test work. 

b. Railroads, ships, barges, and motor trucks are used chiefly for 
such shipments. With the exception of laboratory samples, all railroad 
shipments are made as freight, shipment of samples by express being 
permissible. Because of increased handling, shocks during transpor- 
tation, and greater variety of hazards with changing environment, the 
shipment of explosives and propellants must be made with the utmost 
care. The problems of safe shipment are not unlike those of storage, 
ami special regulations have been developed for the shipping of 
explosives and propellants as well as ammunition loaded with these. 

c. While there w ere some accidents during World War 11 caused by 
the handling of ammunition, such as the loading and unloading opera- 
tions incident to transportation, there was no explosion of explosives 
or propellants during actual transportation in the Lnited States that 
was not- caused by fire originating elsewhere than in the explosive 
material. In view of the enormous tonnages of such materials trans- 
ported, chiefly by rail, this record is testimony to the effectiveness of 
the regulations for packing and shipping explosives and propellants. 

1 26. Regulations 

a. Published regulations pertaining to explosives are listed in (1) 
through (8) below. 

(1) Interstate Commerce Commission Regulations, Transporta- 
tion of Explosives and Other Dangerous Articles by Freight. 

(2) Interstate Commerce Commission, Motor Carrier Safety 
Regulations, Part Nos. 1 to 7 inclusive. 

{3) Bureau of Explosives Pamphlets No. 6 and No. 6A. 

(4) U. S. Coast Guard, Regulations Governing Transportation of 
Military Explosives on Board Vessels, and Regulations for 
Lhe Security of Vessels in Port. 

(5) U. S. Department of Commerce, Bureau of Marine Inspec- 
tion and Navigation’s Regulations Governing Transporta- 
tion, etc., of Explosives. 


311 


(6) U. S. Civil Aeronautics Board , Civil Air Regulations, Part 49. 
Transportation of Explosives and Other Dangerous Articles! 

(7) Freight Tariff No. 8. 

(8) State and municipal laws and port and harbor regulations 
where applicable. 

b. These regulations cover the inspection of freight- cars, boats, and 
motor vehicles prior to loading with explosive materials, the loading 
and staying of shipments, the placarding of cars and trucks and the 
labeling of packages so as to indicate nature of shipments, the place- 
ment of freight cars in trains, ami the inspection of shipments prior to 
unloading, as well as quantities of items permitted in individual cars, 
barges, and trucks, 

127. Freight Shipments 

a. Freight Tariff No. 8, publishing I. C. C. Regulations for the 
T rail sport at ion of Explosives and other Dangerous Articles by Freight 
wilh supplements, establishes 13 classes of hazardous materials. 
Three of these classes comprise explosives, propellants, assemblies, 
and ammunition. The three classes include the following military 
explosives: 

Explosives, Class A: 

Lead azide Picric acid 

Mercury fulminate Kxplosivc "D” 

Lead sty phnate P.DX 

Diazodinit rephenol Xitroguanidine 

Black powder FKTX 

Low explosives JTaleite 

TXT Dynamite 

Tetryl Nitrostarch 

Explosives, Class B: 

Smokeless powder Fireworks 

Explosives, Class C: 

Blasting caps (1 ,000 or less) Cordcau detonant 

Primers Time blasting fuse (safety fuse) 

b. It. might appear that class A includes an unduly wide range of 
explosives from the viewpoint of sensitivity. However, when these 
explosives are packed as described in paragraphs 112 through 116, 
the factor of sensitivity may be considered fairly constant for all 
materials in this class. Class A explosives, therefore, are those which 
represent an explosion hazard in case of lire but not in case of accidenl 
without fire. Transportation accident statistics substantiate this 
generalization. The transportation of nitroglycerin, as such, by 
freight, is not permitted, and it is not included in class A. 

c. Explosives, class B, include explosive materials which arc prin- 
cipally a fire hazard. Wet nitrocellulose, which might be expected to 
be included in class B, is included in the class of flammable solids. 
The transportation of dry nitrocellulose by freight is not permitted. 
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Ammonium nitrate, although it has some, explosive characteristics 
under extreme conditions, is not included in class B, but in the class 
of dangerous articles compirsing oxidizing materials. 

d. Class C explosives contain class A or class B explosives as com- 
ponents, but in restricted quantities. Such assemblies represent an 
explosion hazard in case of fire and might serve to initiate the explo- 
sion of any adjacent materials in classes A and B. 

e. The establishment of these three classes simplifies the formulation 
of regulations for the proper separation of these and other dangerous 
articles during freight transportation. By such separation and the 
prescribing of appropriate packing, the extent of damage is min- 
imized in case of accident or sabotage. The Bureau of Explosives ol 
the Association of American Railroads, an ollicial advisory body, 
does the test work and makes the recommendations upon which the 
Interstate Commerce Commission regulations for the freight trans- 
portation of explosives are based. 

128. Motor Shipments 

a. The Motor Carrier Safety Regulations of the Interstate Com- 
merce Commission establish three classes of explosives that corre- 
spond closely, but not exactly, with those established for freight 
shipments. These are described in (1) through (3) below. 

(1) Dangerous explosives, Class A, includes fit) through (c) below. 

(a) High explosives that can be detonated by a blasting cap, 

including dry nitrocellulose, dry nitroslarch, and fire- 
works I hat ca n explode cn masse . 

(£>) Black powder and low explosives. 

(c) Blasting ca]>s and electric blasting caps. Items of this 
class may be shipped in a common motor carrier, which 
consists or a truck to which no form of trailer is attached, 
or a. semitrailer attached to a tractor, but to which no 
form of trailer is attached. Liquid nitroglycerin is not 
included in this class, but may be transported in special 
trucks that are not common carriers. 

(2) Less dangerous explosives, Class B, includes smokeless pow- 
ders for cannon and small arms, and fireworks not subject to 
explosion en masse. 

(3) Relatively safe explosives, Class C, include assemblies such 
as squibs, primers, and Cordeau de tenant. 

b. Ammonium nitrate is not classified as an explosive for motor 
transportation, but as an oxidizing material. Separate regulations 
apply to the transportation of oxidizing materials. 

129. Boat Shipments 

Coast- Guard Regulations also establish classifications of Class A, 
dangerous explosives; Class B, less dangerous explosives, and Class C, 
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relatively safe explosives. This division into classes corresponds to 
that established by I. C. C. Regulations for motor transportation. 

130. Airplane Shipments 

Civil Air Regulations permit limited shipments of explosives an<i 
propellents by airplane. The packaging, labeling, and classification of 
such materials are in accordance with I. C. C. regulations for freight 
and express shipments. Passenger aircraft may transport no class A 
or class B explosive, except picric acid, explosive “D,” and TNT; 
and these must be shipped as medical or chemical materials, wet with 
at least 10 percent water, and in outside containers having maximum 
contents of 16 ounces. Class C explosives, except blasting caps 
may be carried on passenger aircraft, but individual outside containers 
may inclose not more than 50 pounds of such explosives. Cargo 
aircraft may transport explosives permitted in passenger aircraft and 
also explosives other than blasting caps that are packed, labeled, ami 

otherwise acceptable for express shipment in accordance with I. C. C. 
Regulations. 
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SECTION XIX 


DISPOSAL, DESTRUCTION, AND 
DECONTAMINATION 

131. General 

In the course of m&nufaeturmg, loading, shipment, storage, and 
reconditioning operations, quantities of scrap, impure, deteriorated, 
and waste explosives and propellents are accumulated that cannot 
be used. Obsolction of grades and the accumulation of these surplus 
materials sometimes present the problem of disposal or destruction. 
In the event that the operation of a manufacturing or loading plant 
is discontinued, the serious problem of decontamination of the plant 
equipment, structures, and ground presents itself. Because of their 
complete or almost, complete insolubility in water and their toxic 
effects, explosives and propellents generally cannot be disposed of 
by solution and elimination as sewage. Submergence, burning, 
detonation, or decomposition by chemical agents must be resorted to. 

132. Disposal 

The term disposal covers the elimination of explosive material with- 
out alteration in form or identity. Burial in the earth is not an ac- 
cepted practice, but dumping at sea is permitted. Regulations 
require that explosives and propellents be removed from their con- 
tainers and dumped not less than 10 miles from shore at depths of 
not less than 500 fathoms. For detailed instructions, see SR 75-70- 
I0/AFR 6S-3. The regulations permit only explosives that contain 
a water soluble constituent and that are desensitized by partial 
solution to be disposed of by dumping at sea. 

133. Destruction 

a. Burning generally is the preferred method for destroying explo- 
sives and propellents, but this is not always practicable and detonation 
or decomposition may be resorted to. Explosives of the initiating 
type cannot be burned, lienee relatively large quantities ore detonated. 
Smaller quantities are decomposed chemically. 
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b. in carrying out burning operations, the maximum quantity of ^ 
given explosive or propellant is that known to be safe for surrounding 
areas should it detonate en masse. Instance are on record of the 

^ h r iWD ?’ 01 l yr ' p,mloVitK «• «- 

P ‘ os,vc U - Explosives and propellants are burned in luvers noi 
more than 3 indies thick, except that unopened boxes of dvnamile 

™ y be t bumtt } and of we t ; nitrobody sludge mav be 12 inches 

deep. Loose, dry explosives may be burned in layers indirect contact 
vvith the ground, but wet explosives and boxed dynamite must be 
placed on a layer of combustible material. If it is found that wet 
explosive will burn only incompletely and with difficulty on the 
combustible bed, the bed may be sprinkled with fuel oil, which is not 
a volatde flammable liquid (must have a hash point higher than 100° 

' . he , , yer of explosJve or Propellant is ignited by a train of 
combustible material, such as excelsior, arranged so that it and the 

bed of explosive material burn in the direction from which the wind 

is blowing (fig. 90) Ignition of the combustible train is accomplished 

y m ^ nS ° f “ black P°' vder s T id > initialed by an electric current or 
tune blasting fuse (safety fuse). 

C. The destruction of explosives by detonation should be carried 
out in a pit not less than 4 feet deep, the explosive being covered will, 
not less than 2 feet of earth. Where space permits, the use of a pi, 
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Figure 90. Burning of unserviceable propellant. 
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may be dispensed with. The maximum quantity to be detonated at 
one time is that which will not affect the nearest structures by blast 
effect or missiles resulting from the explosion. Detonation is effected 
by demolition blocks initiated by electric blasting caps. 

d. The destruction of explosives and propellants by burning or 
detonation is an operation to be carried out only with extreme care, 
because of the hazards involved in preparing the material for burning 
or detonation as well as the actual destruction. Careful attention 
should be given to the provisions of the Ordnance Safety Manual, 
ORDM 7-224, in carrying out such operations. 

e. Destruction of explosives by chemical decomposition is standard 
for only lead azide, mercury fulminate, and nitroglycerin, but methods 
for decomposing other explosives are available and may be used con- 
veniently for disposing of small quantities of waste materials from 
laboratories or other sources. 

f. Black powder can be disintegrated and desensitized by leaching 
with water, which dissolves the nitrate present. The washings must- 
be disposed of separately from the residue. The residue of sulfur 

and charcoal is combustible but nonexplosive. 

g. Lead azide can be decomposed as directed in (1) through (4) 

below. 

(1) Mixing with at least five times its weight of a 10-percent 
solution of sodium hydroxide and allowing the mixture to 
stand for 16 hours with occasional stirring. The resulting 
supernatant solution of sodium azide is decanted and dis- 
posed of by drainage into t he ground. 

(2) Dissolving in a 10-pereent solution of ammonium acetate 
and adding a 10-percent solution of sodium or potassium 
bichromate until no more yellow lead chromate is pre- 
cipitated. 

(3) Wetting with 500 times its weight of water, slowly adding 12 
times its weight of a 25-percent solution of sodium nitrite, 
agitating, and then slowly adding 14 times its weight of 
a 3 6 -percent solution of nitric acid or glacial acetic acid. 
A red color produced on addition of ferric chloride solution 
indicates lead azide to be still presenl. Toxic fumes may be 
liberated during ibis process. 

(4) Dissolving in 50 times its weight of a 15-percent solution of 
ceric amminium nitrate. The azide is decomposed with the 

evolution of nitrogen. 

h. Mercury fulminate can be decomposed by adding it, with 
stirring, to at least 10 times its weight of a 20-percent solution of 
sodium thiosulfate. Some cyanogen (a poisonous gas) may be 
evolved during this process. 
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i. Diazodini trophenol can be decomposed by adding the water-woi 

material to 100 times its weight of a 10-perecnt solution of sodium 

hydroxide. The compound is decomposed with the evolution of 
nitrogen. 

j. Lead styphnate can be decomposed by dissolving it in at. least 

40 times its weight of a 20-percent solution of sodium hydroxide or 
100 times its weight of a 20-pcrcent solution of ammonium acetate 
and adding a solution of sodium dichromate equal to half the wcDhi 
of styphnate in 10 times its weight of water. ° 

k. Tetraccne can be decomposed by adding it to boiling water and 
continuing boiling for some time. 

l. TNT can be decomposed by adding it slowly, while stirring, to 
d() times its weight of a solution prepared by dissolving l part of 
hydrated sodium sulfide (Na^S.9L! 2 ()) in 6 parts of water. 

w. Tetryl can be decomposed by dissolving it in 12 times its weight 
of a solution prepared by dissolving 1 part of hydrated sodium sulfite 
(Na2S0 3 .7H 2 0) in 4 parts of water. The sulfite solution may be 
heated to 80° C., if desired, to facilitate decomposition of the telryl 
n \ Ammonium picrate (explosive “D") car. be decomposed by dis- 
solving it in 30 times its weight of a solution prepared by dissolving 
1 part of hydrated sodium sulfide in 6 parts of water. 

o. Picric acid can be decomposed by dissolving it in 25 times its 
weight of a solution prepared by dissolving 1 part of sodium hydroxide 
and 21 parts of hydrated sodium sulfide in 200 parts of water. Some 
hydrogen sulfide and ammonia are evolved. 

p. RDX can be decomposed by adding it slowly, so as not. to in- 
terrupt, boiling, to 25 times its weight of a boiling 5-percent, solution 

of sodium hydroxide. Boiling should be continued for one-half hour 
after all the RDX has been added. 

q. PE I X can be destroyed by dissolving in eight times its weight 
of technical grade acetone and burning the solution in a shallow iron 
or enameled container. If decomposition is preferred, warm the ace- 
tone solution to 40° C. (105° F.), agitate, and add 7 parts by weight, 
for each part of PETN, of a solution prepared by dissolving 1 part 

yjydrated sodium sulfide in 2 parts of water and heating to 80° C. 
(175° F.). The aqueous solution should In* added at such a rate that 
t te acetone solution docs not boil. After mixing is complete, agita- 
tion should be continued for onc-half hour. 

r Haleite can be decomposed by addition to hot, dilute sulfuric 
acid. Nitrous oxide, acetaldehyde, and ethylene glvcol are evolved 
It can also be decomposed by adding 1 part to 5 times its weight of 
a 20-percent solution of sodium hydroxide. 
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s Nitroguanidme can be decomposed by dissolving it in 15 times 
its weight of 45 -pcrcent sulfuric acid at 25” C. and warming the solu- 
tion until gas is evolved. Heating is continued for some time 

^nitrocellulose can te decomposed by adding it with agitation in 
portions to five times its weight of a 10 -pcrcent solution of sodium 
hydroxide that has been heated to 70” C (160° F. . Agitation is 
continued for at least 15 minutes after all the nitrocellulose has been 

^Nitroglycerin can be decomposed by adding it slowly to 10 times 
its weight of a 17 . 5 -pcrcent. solution of hydrated sodium sulfide. The 
sulfide solution should be agitated during the addition and thereafter 
until solution is complete. Much heat is liberated by the ™Mtron, 
but this does not represent a hazard unless agitation is interrupted^ 
a. DEGN can be decomposed in the same manner as mtrog > • 

imposition A-3 can be decomposer! by the method described 

for the decomposition of RDX (p above) . . • l9 

x Composition B can be decomposed by dissolving 1 part in 1- 

parts by weight of technical grade acetone and heating the solution 

to 45° C (150° F-). While this is agitated vigorously, there is added 

slowly 12 parts by weight of a solution at 70” C. (160° of 1 par 
of hv'dratMl sodium sulfide in 4 parts of water. The ^'tions^d 
not be rapid enough to cause the temperature of the acetone solution 
to rise above 00° C. (140° F.). After addition is complete, agitation 

jc rontinued for onc-h&lf lioui - 1 

' „ Composition 0-3 can be decomposed by adding 1 part slowly to 

a solution prepared from IK parts of sodium hydroxide 11 parts of 

water and 4 parts of 95-percent denatured alcohol, and heated to 

50° C. The mixture is heated slowly to 80° C. (176° F.) and main- 

tained at this temperature for at least 15 minutes. 

134. Decontamination 

a The cleansing of equipment, buildings, and grounds of explosive 
materials is a difficult, tedious, and sometimes hazardous operation. 
Because of the wide variety of materials, the existence of cracks, 
crevices and cavities, and the possibility of explosions and the evolu- 
tion of toxic or explosive gases, the operations and tdhmqucs m 
be made as simple as possible and vs nous precautions taken to rnsure 
safety of personnel and completeness of decontamination. Serious 
accidents have occurred through the subsequent handling or luatn g 
^ incompletely decontaminated equipment. For detailed procedures 

measures, the reader is referred to Department of the 
Armv Supply Bulletin, SB 5-52, Decontamination Procedures, and 
the Ordnance Safely Manual, ORDM 7-224. 
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b. Wherever practicable, decontamination is effected by the physical 
operations of washing, steaming, fire-flashing, and burning. Fire- 
flashing consists of exposing an item to sufficient, flame to burn off 
any explosive present. Metal objects such as nitrators, centrifuges, 
tanks, piping, etc., are washed with water, steamed, and then flashed! 
A wood fire is used for the flashing operation, except for stainless steel 
objects, for which a low-temperature oil flame is employed. Equip- 
ment. that is being decontaminated for standby pinpose.s is not 
subjected to the fire-flashing operation. Wooden objects such as rail- 
ing, paddles, etc., and buildings, such as dry-houses and packing ma- 
terials, gaskets, etc., are destroyed by burning after preliminary clean- 
ing. Earth that is so contaminated as to offer a fire or explosion 
hazard is wetted, scraped up, and burned at a burning ground. 

c. Free acid present in equipment requires neutralization as well 
as washing, and a 5 ± -percent solution of sodium carbonate (soda 
ash) is used for this purpose. Because of the uncertainty of com- 
plete removal of explosives in all cases by the physical methods de- 
scribed, chemical methods are used also to supplement these. The 
standard decontamination procedures include the chemical agents 
shown by table LXXXT. 

Table LX XXI. Decontaminating Agents 
Contaminant Agent 

I/ead azide — Ceric ammonium nitrate 

Mercury fulminate Sodium thiosulfate 

Nitroglycerin Methanolie sodium sulfite 

Nitrocellulose — ; Sodium hydroxide 

Smokeless powder _ J Sodium hydroxide and acetone 

TNT Sodium carbonate and sellite 

Tetryl Sodium carbonate and sellite or acetone 

Pentolite . _ Acetone 


d. Loading plants, because of the use of a number of explosive 
materials, present particularly difficult problems of decontamination. 
The procedures appropriate to several different explosives manufac- 
turing plants may be required for the decontamination of different 
parts of an individual loading plant. 

e. With the growing complexity of modern military explosives and 
propellants, because of the introduction of new nonexplosive ingre- 
dients as well as mixtures of explosives, the problems of destruction 
and decontamination are increased correspondingly. New and 
special compositions, therefore, should be given careful technical con- 
sideration before destruction or decontamination operations are 




undertaken. While burning and washing operations suffice for most 
pyrotechnic, smoke, and incendiary compositions, some of the newer 
compositions present explosion hazards when wet with water. There- 
fore, the rules in a through d above pertaining to explosives and pro- 
pellant compositions apply equally to pyrotechnic, smoke, and 
incendiary compositions. 
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APPENDIX I 

CHARACTERISTICS AND DATA 


Table I . Sensitivity test valves of explosives 1 


TNT 

Ammonium nitrate. 

Nitroglycerin . . 

N i t rocell ulose 3 . . , . 

FETN .. 

Tetr.vl . 

Picric acid . . ... 

Explosive “P" . 

Nitroguanidino., 

Haleitc.. . . 

RDX. 

50-50 Amatol 

80-20 Triton al 

50-50 Pcntolitfc ..... .. 

70-30 Totrytol .. ... 

52 48 Pic rat, ol. . 

55-45 Ednatol . 

Composition 1? .... 

Torpox .... 

Fur ftintno ti'H, ('ml ol’ latilo, 


Impact test with 2 kilogram 

Y 






1 ^ r* ^ 

WQlffht 

Pendulum 

Rifle 

E xplosion 
temperature 

I Minimum detonating charge, gram of • 

. — — . ■ - ... 


friction test** 

hullet tost, 




PA APP, 
inches 

‘ BM APP, 
cm 

percent 

percent 


1 

r - • 

explosion* 

explosions 

test, C-. 

Lead aside 

Mercury 

fulminate 

Tetryl 

14 

100 

1 

0 

2 

475 

0. 26 

0. 24 

■ m • .( .... 

31 

100 + 

0 

0 



'1 

‘ ^ 


I. 

15 

100 

100 

222 



j | 

3 

0 

.. 


230 

0. 10 



6 

17 

5 

100 

225 

0. 03 ; 

0. 17 

• * 9 L 

S 

26 

0 

70 . 

257 

0. 10 

0. 10 


13 

4 fm 

82 

- - ....... 

50 ; 

322 

0. 24 

0. 2(5 


17 

100 + 

0 

10 ! 
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0. 06 
0. 10 

26 

47 

0 

0 ! 

275 



10 

43 

0 

o ! 

100 

0. 13 

0. 21 


8 

33 

20 

100 

260 

0, 05 

0. 19 


12 

05 

0 

0 

265 

.. 


0, 05 

10 

73 

0 

60 

470 

0. 30 



13 , 

| 

20 

0 

80 

220 

0. 13 

0. 10 


11 

28 | 

0 

30 

320 

0. 23 

0. 23 


u ; 

100 + 

0 

0 

285 



0. 06 


52 

0 

0 

100 

0. 22 

i , _• M M 

0. 22 1 

13 , 

75 : 

0 

15 

278 

0, 17 ; 

0. 22 ! 

0. 18 1 * 


8 

40 

..... • 

100 

260 

1 

. M . 3 



Composition A- 3 . 
Composition C-3-. 
Composition C-4. 

Lead azide.- 

Morcury fulminate. 
Lead styphnatc — 
Diazodin 1 trophcnol 
Tctracone — . - 
Black powder 


16 

100+ 

14 

100+ 

19 

100 + 

5 1 

11 

2 

5 

3 

8 

2 

5 

2 

7 

16 

, 40 


0 

0 ’ 

0 

40 

0 

0 








0 

, 





i For unit*, arid methods of determination, m pampranli 38. 

* With steel shoe, 

s Nitrogen content, 13.3 percent. 
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280 

200 

340 

210 

282 

180 

154 

427 


0. 25 i 

0. 22 

0. 08 



0. 10 
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TNT... 

Ammonium nitrate 

Nitroglycerin 

Nitrocellulose 2 

PETN 

Tctryl 

Picric acid 

Explosive “D” 

Nitroguanidino 

Haleite 

RDX 

50-50 Amatol 

80-20 Tritonal 

50-50 Pontolito 

70-30 Tetrytol 

52-48 Picratol 

55-45 Ednatol „ 

Composition 

Torpox 

Composition A-3 

Composition C 3 

Composition C-4.._ 

Lead azide ___ 

Mercury fulminate 

Lead styphnate 

Diazodinitrophenol. 

Totracene 

Black powder 


Ta ble II. Effects of explosives 1 
Brlstun* measured by- “ \ Rato of detonation 


Sand test, 
gram s 


47. 5 


Plate dent > Fragmenta- 
test iwreent , tion of shell 
TNT DBrcant TNT 


58. 7 

48. 7 
61. 2 
54. 0 
47. 9 
36. 8 
36. 8 
52. 0 
69. 0 
38. 5 
40. 0 

54. 0 

52. 7 

44. 6 

49. 0 

53. 0 
58. 2 
51. 0 
53. 0 

55. 7 
16. 7 
22 . 1 
10. 5 

45. 6 
2 . 0 
0 . 3 


100 


100 


127 


121 

131 

• •• 4 . mm 

93 

121 

117 

100 

107 

131 

120 

120 

114 

115 


121 


107 .. 


99 


134 


82 

91 

131 

117 

102 

124 

139 

120 

150 

133 


‘ Vw " im > ""I “etfwd* of determination, «*> pamimiilM 2s. an, 83 ,'^d 


At density 

Meters per 
second 

1. 56 

6, 900 

0. 9 

2, 700 

1. 60 

7, 700 

1. 20 

7, 300 

1. 70 

S, 300 

1. 71 

7, 860 

1. 70 

7, 350 

1. 63 

7, 150 

1. 55 

7, 650 

1. 55 

7, 750 

1. 70 

8, 350 

1. 55 

6, 436 

1. 72 

G. 700 

1. 65 

7, 460 

1. 60 

7, 300 

1. 62 

6, 940 

I. 62 

7, 340 

1. 66 

7, 800 

1. 81 

7, 600 

1. 59 

8, 100 

1. 60 

7, 625 

1. 59 

8, 040 

4. 0 

5, 100 

4. 17 

5, 400 

2. 9 

5, 200 

1. 58 

6, 900 

1. 6 

“ ^ mm mm mm — mm _ 

400 , 


Ralllatio 
pendulum 
test percent 
TNT 


100 


140 

125 
145 
128 
109 

98 

104 

136 

150 

122 

124 

120 

120 

100 

119 

133 

134 
132 

126 
130 


Traurl lend 
block test, 
percent TNT 


100 

56 

185 


Relative Mast 
effouc, percent TNT 


170 

129 

103 


78 

122 


51 

42 


Pressure 


100 


Impulse 


a r w . • 

124 

" In 

122 

97 

113 

305 

87 

118 

107 


100 1 

100 

120 

108 

no 

130 

110 

no 

131 

122 

125 

115 

i 

™ mm — 

105 

109 

40 L._ 


_ 

“ M w ** — - _ 


5 Nitrogen content, 13.3 percent. 
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'Table TV. Stability Test Values of Explosives 1 


TNT 

Ammonium nitrate 

Nitroglycerin 

Nitrocellulose 

PKTN 

Tetryl 

Picric acid 

Explosive ''1>" 

N itroguanidine 

Haleite 

RI)X 

50-50 Amatol _ 

80-20 Tri tonal 

50-50 Pontolite 

70-30 Tetry tol . . . 

52-48 Picratol 

55-45 Hdnatol..... 
Composition U._,, 

Torpox 

(Composition A-3 . . 
Composition C-3__ 
Composition C-4_. 
Lead azide 


75° O. in- 
ternational 
tost. r>er- 
cent Iws 
In weight 


0. 04 
0. 0 


100° C. heat tost, per- 
cent loss in weight in^ 


0 . 02 
0 . 01 
0. 05 
0 . 12 
0. 05 
0. 1 
0. 03 


0. 0 


0 . 17 


Vacuum stability test 


t 48 hr 

2d 48 hr 

Sample, 

gm 

100 ° c. 

120' 

' c. 

150‘ 

* o. 

ML 

Hr 

ML 

HR 

ML 

HR 

0. 1 

0. 1 

5 


40 

0. 4 

40 

0. 7 

40 

0. 1 

0. 0 

5 


40 j 

0, 3 

40 


40 

3. 5 

3. 5 

| 

1 

n + 

16 

11 



i 

i m 

0. 3 

; o. o 

5 

0. 9 

24 

11 + 

16 


1 

0. 1 

1 0. 0 

! 5 

0. 5 


11 + 

40 

; 

0. 1 

0. 0 

5 

0. 3 

■1 



n+ 

12 

0. 03 

0. 09 

5 

0. 2 


0. 5 

40 


1 

■ jb am ja 

0. 1 

0. 1 

5 

0. 2 


0. 4 

■a 

0. 4 

40 

0. 2 

0. 1 

5 

0. 4 

40 

0. 5 



1 

4 

0. 2 

0. 1 

5 | 



1. 5 

40 

11 + 

24 

0. 03 

0. 0 

5 ' 

r , : 

(1. 7 
a q 

40 

4 - 


HI 

2.5 

40 



o 

r 

U- o 
n i 


1. u 

A O 

mm 

BB 




ij 

U. 4 

KJ 

V. 1 

■KOI 

40 

0. 0 


5 

2. 5 

40 

11+ . 

16 

•J M _ 


0. 3 


5 1 


40 

11+ 


b 


0. 0 

0. 05 

5 


40 


4.0 

— — — i — — — — 

0. 7 

40 

0. 2 

0. 1 

5 

0. 7 

40 

11+ 

24 



0. 1 

0. 1 

5 

0. 7 

■3 

0. 0 

40 

11 + 

16 

0. 0 


5 

0. 2 ; 


1. 5 

40 

11 + 

16 

0. 15 

0. 15 

5 i 


40 





3. 2 

1. 6 

5 

1. 5 ; 

40 

11 + 

18 



0, 1 

0. 0 

5 

0. 3 

HI 





0. 5 

0. 1 

i i 

0. 4 , 

40 




— — — — — — 




0. 18 

( 3 ) 

1. 5 

oo 



1 1 


Mercury fulminate. — 

Lead sty phnate - — 

1.5 

1 

0. 3 

40 

4 A 

0. 3 ! 

40 



Diazodinitroplieiiol 

0. 24 
0. 5 

0. 5 
23. 2 

1. 1 
3 4 

1 

6. 0 

40 



’ 

Tetracene — - 

Black powder 

1 V- * 

5 

0. 5 

40 

0. 9 

40 



I 


. ““ * 

1 For unit*, moaning, and methods of determination, aoo paragraph 2fJ, 
* Explodes. 


u> 

to 

Nl 
















Table V. Density Values* of Explosives 



Crystal or 
liquid 

... m 

i 


Pressure in pounds per square inch 



Cast 

| 3,000 

6.000 

1 

10,000 

15,000 

20,000 

30,001) 

40,000 

TNT. _ 

1. 554 

1. 34 

1. 40 

1. 47 

1. 515 

■ 44 

1. 55 

1. 59 

1. 59 

1. 56 

Ammonium nltrato. _________ 

1. 725 









Nitroglycerin . . 

1. 506 









PETN.. 

1. 765 

1. 37 

1. 575 

1. 638 


1. 71 

1. 725 

1. 74 


Tetryl 

1. 73 

1. 40 

1. 47 

1. 57 

1. 63 

1. 67 

1. 71 

1. 71 

1. 02 

Picric acid __ . 

1. 763 

1. 40 

1. 40 

1. 57 

1. 61 

1. 64 

1. 67 

1. 60 

1. 71 

Explosive "D” _ 

L 710 

1. 33 

1. 41 

1. 47 

1. 51 

1. 53 

1. 56 

1. 57 


Nitroguanidine 

1. 715 

0. 05 








Haleito 

1. 67 


1 30 

1 40 

1 46 

1 51 



...... 

RDX 

1. 816 

1. 46 

1. 52 

Xi IV 
1. 60 

X • TV 

l. 65 

A- U L 

L 68 

1 . Ou 

1. 70 

1. ij o 

1. 71 


50-50 Amatol. 









1 56 

80-20 Tritonal 







i 


1 79 

50-50 Pontolito« . - _ 




• mm ^m mm 



1 


A. i xi 

1 65 

70-30 Tctrytol 


j 



i 

1 : 


i fin 

52-48 Picratol ... „ 

mm mm mm ^m mm mm 

: 




... ------ 

1 


X ■ uu 

1 fi2 

5.5-45 Kdnatol _ 




tk mm mm mm mm ~ ~ — 




1. U it 
1 62 

Composition]).. . 


^ mm mm *m .. mm 



1 




X r %/M 
1 66 

Torpex 





1 




1.81 

Composition A-3- ... 


1, 46 







Composition C-3 

1. 60 









Lead azide 

4. 38 

2. 62 ■ 

2. 71 

2. 9fi 

3 07 





Mercurv fulminate 

4. 42 

3. 00 

3. 20 

3. 60 

3. 82 

3. 90 

4. 10 



Lead Btyphnate . . 

3. 02 




^ Am mm « ^m mm mm mm 

Diazodinitrophenol : 

1. 63 

1. 14 








Tetraoeno • 


1. 05 








Black powder . ’ 


1. 32 

I. 41 

1. 55 

1. 64 

1. 70 

L 775 

1 

1. 85 

I 







U m4 m. — mm mm mm mm 


•In grama per milliliter. 



Table VI. Compositions of Standard Propellants 


• • • 


< \ini|ii)sition 

Ml 

(Pcr- 

V.V1W) 

'M2 

(!*'!'- 

(‘(•III.) 

M3 1 
(PIT- 

wnt) 

M4 
( | irr- 

tTTlI.’l 

Nitrocellulose: | 



• 


12.60 percent N -- 

• . 


79 


13,15 percent. N.,-.- 

84. 2 • 

• 

i 

mmm » m 

13. 25 percent N 

• ■ 

75. 55 


tU 

Nitroglycerin. ... - 

1 

19. 95 

• • 


Barium nitrate - — ■ • - • 


1 . 50 1 

• 


Potassium nitrate. 

... 

1 . 00 1 



Potassium perchlorate. — 



i 


Nil roguani dine — 

- 



O r> 

Dlhitrotoluoue -• -- 

9. 6 

1. 0 

! 

26 

Trinitrotoluene... . - 

. .. 


15 ■ 

• 

Uibutylplitlialatc — .... 

4. 9 




DietlxylphtHalate 

- 

• 



Triacotiri 

• 

1 

5 


Potassium sulfate. . . 

• 

1 


• 

Tin ... 

• • 


i • • 

• J 


Diphcnylamine. 

1. 0 

0. 75 

1 1 

1 

Ethyl eentralite... 



• 

■ 

- • 

Graphite, - 


1 0. 25 

1 

• 

Carbon Black-, — — 





( •ryoUtu 

•• 

i 


- • 


1 1 00. 0 

1 100. 0 

100 

100 


.1 . . 


... . — 

• — 




. M5 ■ 

IrlU.) 

M« ! 

0h»t- 

(flit) 

m 

• 

MS 

(per- 

cent) 

M9 

(lH*r- 

wnlj 

M10 

(per- 

Will.) 

Ml 2 
(per* 
cent) 

Mill 
(per- 
in'll t) 

M 14 
<\m- 
wiH) 

1 249 j 

1 













86. 1 

54. 6 

™ •• 

■ 

. 1 

98 

07. 7 , 

57. 3 

89. 

’ ' 1 

1 

20. 0 

81. 5 
15.0 ! 


35. 5 

52. 15 
1 3. 0 | 

57. 75 

•10. o 


■ 

40. 0 



10. 0 

1. 5 

I 


! 



! 





1. 0 | 


1 

1. 25 i 

1. 5 

• • 

- • 




•• 

1 


7. 8 







i 

• - 











54. 7 

•• i 

9. 9 




- - 

9 

i 

i 


7. 

9 

• 


3. 0 




•• •• 



2. 

0 ' 


• * 

i 


3. 0 


• • 

f 




' 

1 

• 


■ 


1 

1 0. 75 

1. 5 



- - . 

| 



| 

■ 


0. 75 





j 0. 75 

1. 0 



0. 75 

1 

0. 8 

0. 2 

I. 

0 

• » » 

1 

0. 9 

i a 6 


• 


1. 0 



6. 0 

0. 25 



i 

« — 

- • 




• 

! 



1. 2 

1 




*0, 05 

1 



• 



- 

• 


i 

— 


0. 3 

100. 0 

*1 " ™ * 

j 1 00. 0 

1 

100. o 

• * 

! too. 0 

i 

100. 0 

i i oo 

i 

1 00. 0 

1 00. 0 

100 

! 

. 0 

100. 0 


Milled. 














Table VII. Cotaj>nxitionfi of Tiorkei Propellant* 


Composition 


T2 T3 T. 1 ! Tfi ! TS I Tit 

{perwnt.J (lxrcentl (percent) (percent'! (percent) (percenl) 


Nitrocellulose: 

12.20 percent X. 
13. 15 percent N _ 

Nitroglycerin 

Potassium nitrate 

Dinitrotoliiene 

Explosive “D” 

Triacetin 

Potassium sulfate 

Methv] cellulose 

Ethyl cellulose 

Ethyl centralite . 

Carbon black __ . 

Lead stearate 

Calcium stearate _ . . 
Chlorinated wax.. 


‘Added. 



i 

100.0 100.0.100.0 100.0 100.0 


40. 8 


40. 7 


4. 5 


0. 5 
4. 5 

100.0 
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Table VIII. Chamct eristic* 1 of Propellent Compositions 


m jQ 

-3 1-5 

III 

t ~ Zi'z 


ro - M - M ^ - O w. T- - K O0 T -t CC C iC - 

-v- : co— 

fM N W (N (N N M « <N (NNMWWNNWMN-N 


-Y* r" — I i^“- o © "T* i!N © C? I I l - < » 1 

I * - S ° CO x 'C o v. w c 


~ V. ~ 


s . 


=3 


LC ^ N 
— CN 


I - « QC 0C I *'? 
C ? - O ^ 


x ic -t cc r. oi — 
o x C X N — '30 
00 © O0 I*- X ^ 


- 1 i — 




£ £ 5 • 


X ©• r- 
^ c*j © 
— -x i- 


M C C4 iC 
« j: C Ol 
© r- C** <N 


I 5 x 

f ~ 


5 c c 
P r - 


x- — 


00 © 
rc © 
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G C © «C © 
Csl OJ © — 


^ C N - ■ M O 

!?“< j*» — -t- © © *r 


CC ^ !“• 

x ac x 


© X X 


4 i- c co © ^ i'- ^ 
IM X X © I - CQ X l- 


a 

I i. 






© |Q © UT © w 

r- x -r x x 

~ !N X © CC I- 

tN cm c-i ^ 


i i 


- ^ co - 


I I I I 

t © r- X 

^ P: P' 


c fN : 


i i 


i > 




© N 

. X © 


. £ 


! *? 


! ~ 
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i — 


! 2 


, § .5 a 

r _ 
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j sill 
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Tabic IX. Stability Test Values* uf Propellent Compositions 



1 

+ 

1 

1 

# 

K3 

1 

x~ 

| 

£ 

cc 

?5 



X 


• 

■ 

1 


. 




' 

1 

i 


• o 





f bT.s 

. 

CO 

CC 



CM 



I 

T— 1 





• 



i 

• - 

— ■ — - 



• • - 











1 



■ 


CM 


: ^ e 

i 

1 


! 





, 

i 

• 

l 

• 

-4_ 

'+ + 

— 

+ 

— ■ 

P-.E 

XS 

- 

2 

s s 

2 


5 

« 

i 


cc 

co co 

co 

55 

CO 






o 


— 

tfS 

■ 


CD 

CM X 


I'* 

55 





. »— 





i 








! 


JC 

o o 

>-0 

*0 



* 

X 

3 3 



X 

■jt ~ 

• 

i 


• 






"j 


O *3 

j 




JK 

i 

1C 


. : 




n "■•J 
O ^ 


T— 

! 

• 


1 


4- + 




— 

O ■*” — ■* 
•v ‘"I — 


I CO CO cc 


~ ~T 


‘O c w 
C: CO 


+ - + -i + 


+ - 


C JO c N C ^ ! c 

CO <N CO — CM — i CO 


OC C-- X 


kO 
= X 


I CO O I 
• *0 i 


*c o 
OJ «o 

T-i 


E | r‘i„ 

= I =2^ 


I i 
I 


CO o 
I I'- cc 


j O X 
— CM 


- CM 
CO 


i CD CO 
i 


o o UO 
I J.o 1C CM 
' « I- - 


:!£ I 


3* »3 ^ 

CMC 
JO co »o 


O JO w J-O o IO 

C C C CJ 1 ^ in 

~ CM X CM — ;d 


3 «0 L.O 
- CM 
CO JO I'- 


o »c 
CD CM 
^ Cl 


C JO 
C: x 

l- IC 


I I I 


- -t o N CC 

^ 2 K? < S 2 


CO to 


I I 


^ CM CO 

^ H h 


o r ’i ^ 
~ oo c 
HH^Kw 


332 


uiiit^, iiicamug, ana motnoils o[ ili*h*nniii&tion* hlw punipmph 78 


7Yi5k .T. fV»«JYrsjV>n Far.for.s 




Inches. - . . 25. 4 ; Millimeters. 

Millimeters 0. 03937 Inches. 

Microns . \ 0.001 Millimeters. 

Angstrom units | 0. 0000001 Millimeters. 

Square inches . . 045.16 Square millimeters. 

Square millimeters 0.00155 : Square inches. 

Cubic inches ... 16.387 Milliliters. 

Milliliters - 0. 061025 Cubic inches. 

Cubic feet . ... 0. 0283 1 7 Cubic meters. 

Cubic feet 7. 48 U. S. gallons. 

Cubic meters 35. 315 Cubic feet. 

Liters „ - --- 61.022 Cubic inches. 

Liters . 0. 264178 1 T . S. gallons. 

U. S. gallons j 231. Cubic inches. 

U. S. gallons I 3. 78533 Titers. 

U. S. gallons ' 8. 337 Pounds w ater at 15° C. 

Kilograms 1 2. 2046 ; Pounds. 

Pounds 453. 59 : Grams. 

Ounce 28. 35 | Grams. 

Calorics 4. 1855 ' International joules. 

Calorics . 0. 0413 Liter-atmospheres. 

Kilogram-calorics. ..j 3. 9685 • BTl ’s. 

TiTU’s 0.25198 Kilogram-calories. 

IlTC per cubic foot. --j 890. Kilogram calories {>er cubic meter. 

Kilograms per square ten- 14.223 j Pounds per square inch, 
ti meter. 

Atmospheres - - 1033. 3 Crams per square ceulimeler. 

Atmospheres 14. 696 Pounds per square inch. 


Millimeters of mercury. 

Pounds per square inch. 

Liters at 0° C. and 760 mm of 
mercury. 

R (gas constant) . 1. 9684 Calories per ° C. per mole. 

Foot candles ...j I ‘ Lumens per square foot. 

Lumens -j 0.001496 j Watts. 


Atmospheres 760 

Atmospheres — 14.7 

Gram moles. j 22. 414 
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Acid, picric: 

Brisaiicc 

Characteristics- - 

Description and history 

Destruction 

Identification 

Manufacture 

Packing - 

Reactivity.- 

Sensitivity 

Shipment 

Specification 

Stability 

Storage 

Toxicity 

Agents: 

Destination - 

Foreign. (aScc Foreign.) 

Identification 

Initial detonating: 

Diazodi nitrophenol fJ)D\'P) . 

Lead azide 

Lead styphnate 

Mercurv fulminate 

• 

Packing 

Tetracenc 

Initiating 

Airplane shipment. (See Shipment.) 
Amatol: 

Brisance 

Characteristics 

Description and history 

Destruction 

Identification 

M anuf act-ure — . - - 

Reactivity 

Sensitivity 

Stability 

Ammonal (see aho Foreign! : 

Description and history 

Destruction 

Identification 

Ammonia: 

Dynamites 

Gelatin dynamites- . . — 


ii .a 



fa raf/raph 

Page 

51 g 

163 

. 515 

160 

51« 

159 

133 

315 

02 

269 

_ 5 LI 

102 

114 

296 

5 1 C 

160 

- 51/ 

163 

_ 127 

312 

5 1 e 

162 

51ft 

163 

122 

306 

517 

163 

133 

315 

91 

267 

41c 

103 

4Io, 09 

93. 208 

4 Id, 09 

1 07, 208 

415, (39 

98, 208 

113 

295 

41c, 69 

110, 208 

40 

93 


_ 56e 

183 

565 

183 

56a 

182 

133 

315 

92 

269 

56c 

1S3 

565 

183 

56 d 

183 

_ 56/ 

183 

57, 72r 

184, 214 

133 

315 

92 

269 

67 

201 

67 

204 
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Ammonium nitrate: 

Briaanre 

Characteristics 

Description and history 

Identification 

Manufacture. . 

Packing . 

Reactivity. ... 

Sensitivity 

Specification 

Stability 

► * — — 

Storage 

Toxicity 

Ammonium picrate. (See Explosive "D.”) 
Ammonium trinitrophenolatc. (See Explosive ‘TV') 
Amnionyaku. (See Foreign.) 

Angayaku. (See Foreign.) 

Atomic: 

Number. 

Structure 

Weight. 

Atoms 

Avogadro's: 

Hypothesis 

Number... 

Ballistic: 

Effects: 

Genera]--. _ 

Roekels . 

Weapons ..... 

Pendulum test. ( See Test.) 

Potential 

Ballistics, interior.. 

Barricades. (See Storage.) 

Bibliography 

Binary explosives. (See Explosives.) 

Black powder. (See Powder.) 

Blast effect . 

Blasting gelatin 

Boat shipment-. (See Shipment.) 

Boiling point 

Booster charge. (See Charge.) 

Boyle’s law. (See Laws.) 

Brisance: 

Fragmentation tests 

General 

Plate dent test .. 

Sand test 

Burning rate 

Calorie . 

Camoiiflot .... 

Candiepower. _. 

Care and precautions in handling 

Cat alyst 

338 


Pitragrnplt 
44m 
. M h-f 

44n. 
92 

-- 44? 

114 

. _ 4 4/a 

44 k 

44n 

122 

41o 


Peg* 

123 

120 

ny 

269 

120 

296 

120 

121 

121 

123 

306 

123 


9, 10 16, 18 

9 16 

9,10 16,18 

9 16 


19 29 

19 29 


77 a 231 

77 r 234 

77 b 231 

77 231 

77 231 

App II 334 


31 72 

67 204 

17 26 


30d 63 

30a 60 

30c 61 

30b fiO 

26, 76 10. 229 

23 33 

35 76 

97, 100 276. 283 
8 13 

12 21 



CE. (See Tetryl.) 

Cellulose nitrate. (Sre Nitrocellulose.) 
Cbakatsuyaku. (At Foreign.) 

Chan&yaku. (See Foreign.) 

Oliaoyaku. (See Foreign.) 

Characteristics ami data, tables. (See Tables.) 
Charge: 

Booster . - ..... 

Minimum detonating 

Impellent ... - 

Shaped. 

Charles' law. (See Laws.) 

Chemical: 

Activity - --- 

Change. (See Reaction.) 

Compound— — 

Formulas — 

Reaction. (See Reaction.) 

Classification: 

Compound.. .. --- — 

Military explosives and propellants --- 

Collodion. (Sec Nitrocellulose.) 

Colloids.. 

Color: 

Of light. (5er Light.) 

Value of light and determination. (See Light.) 
Combustion, heat. hSer Heat.) 

Composite propellant s. (See Pro|»eilujil.) 
Composition: 

A and A 2 — -- - -- -- - 

A -3: 

Brisance --- - 

Characteristics _. 

Description and history .. . — 

Destruction. -. -- 

identification. -- --- 

Manufacture. - - 

Packing 

Sensitivity.-. -- ------ --- 

Specification-. — -- — 

Stability 

Storage 

Toxicity -- — — 

B: 

Brisance. . — - 

Characteristics . — — — 

Descrip lion and his lory - -- 

Destruction. — 

identification 
Manufacture . 

Paoking 

Sensitivity.. 

Specification ... 

Stability ~ - -- 

Storage 



Pagt 

31 

64 

30 

60 

. 74. 76 

220. 229 

36 

78 


15 

25 

9 

16 

10 

18 


14 

23 

i 

12 


18,73 27.218 


65, 122 

199. 306 

65/ 

201 

65 b 

199 

Ron 

199 

133 

315 

92 

269 

65c 

199 

1 14 

296 

65c 

200 

Rod 

200 

65# 

201 

122 

306 

65/i 

201 

63e 

195 

636 

193 

63o 

193 

133 

315 

92 

269 

03c 

194 

114 

296 

63d 

194 

63?/ 

195 

63/ 

193 

122 

306 
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Purngrupt 

63/ 1 S»G 

66 . 122 201 . m-, 


Composition — Coo tii iued 

B-2 ... 

C and C— 2 

G 3: 

Brisance 

Characteristics __ 
Description and historv 

Identification 

Manufacture.. 

Packing 

Sensitivity 

Specification 

Stability... . .. 

Storage... . 

Toxicitv 

C-4: 

Brisance 

(Hiaracteristics. . 

Inscription 

Sensitivity 

Specification 

Stability 

Toxicitv 

D-2 * 

Compositions: 

Black ponder . 

Flare .... 

German. (See Foreign ) 

Igniter 

Illuminating ... 

Incendiary 

Photoflash 

Priming 

Propellent. (See Propellants.) 
Pyrotechnic: 

Burning characteristics 
Burning rates 

Characteristics 

Description 

Ingredients 

Loading. 

Manufacture 

Sensitivity. ... 

Stability.. 

Tests 

Cses 

Signal. 

Squib.. 

Tracer: 

Composition. . 

Description 

Manufacture 


— 66c 

203 

. — 66a 

201 

6fi« 

201 

. . . 92 

269 

665 

201 

114 

296 

Wd 

202 

— 66c 

202 

66/ 

203 

122 

306 

6% 

203 

66 f 

204 

66/ 

204 

66ft 

203 

66ft 

204 

66i 

204 

— 66 m 

204 

— 66« 

204 

64i 

198 

37 

86 

101 

284 

101) 

292 

101 

284 

110,111 

294 

101 

284 

40,12.70 93. 113, 


209 


97.98 276,278 

97. 98, 1 00 

276, 
278, 283 

... 97,98 

276, 

278 

95 

274 

96 

274 

99 

281 

99 

281 

97 

276 

. . 97. 100 

276, 283 

100 

283 

101 

284 

101 

2S4 

39 

92 


1 05 211 1 

104 291 

107 292 
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Compositions Continued 
Tracer — Continued 

Stability 

Tests 

Compounds, chemical: 

Classification — 

Structure 

Constant, molar gas. . . — . . 

Containers, packing and marking 

Cordite. (.See Foreign.) 

Cratering: 

Effect 

Explosive 

Critical pressure, temperature, and volume 

Cyelonite. (See BDX.) 

Cvclotelrametbvlenetetran it raminc. (See HMX.) 
Cyclotrimetliyienetrinitrainine. (See llDX.) 
Cyclotols . 

Definitions.. . . 

DBX - - 

D2 composition. (.See Composition.) 

DD explosive ... 

DD X P: 

Brisance 

Characteristics.-. . - 

Description and history 

Destruction.. — ---• 

Identification .... 

Manufacture . 

Packing 

Reactivity . 

Sensitivity 

Shipment . 

Specification 

Stability 

Decontamination 

Deflagration, theory - 

DEC.X (See '.uw Foreign.): 

Characteristics 

Description and history _ 

Destruction - — 

Identification — — 

Manufacture 

Sensitivity 

Toxicity.. 

Demolition explosive 

Density . ... — 

Destruction of explosives 

Detonation: 

Rate. — 

Sympathetic 

Theory . 

Diazodinitrophenol. (See DDXP.) 

Diazol. (See DRXIL) 

Diethyleneglycol dinit rate. (See DEOX.) 


Paragraph 

Page 

106 

292 

108 

292 

14 

23 

14 

23 

22 

30 

112 

295 


35 

76 

67 if 

207 

21 

30 


63 

193 

4 

5 

... 64ft 

198 

1 

1 

214 

.... 41c(8) 

106 

41r{2) , (3) 

103 

llr(t) 

103 

133 

315 

. . 91 

267 

11 e(5) 

105 

113 

295 

. . . 4!c(4) 

104 

41r(7), (9) 

105, 106 

127 

312 

... nc(6> 

105 

llr(10) 

106 

134 

319 

25 

37 

. . . 72ft (2) 

215 

. . 72ft(l) 

215 

133 

315 

92 

269 

. . . . 72ft (3) 

215 

.... 72ft (4) 

216 

.. 72ft (5) 

216 

67 

204 

6 

10 

. 131, 133 

315 

27 

11 

32 

67 

.... 256 

38 
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Dinitrobenzene-2-diazo-l -oxide. (See DDM’,) 
Dinitrodiglycol. (See DEOX.) 
Dinitroelliylonedianiine. (Ste JIalcite.) 


Dinol. {See DDM*.) 

Direct combination. (See Reaction.) Pnrngmiih 

Disposal of explosives-. _ 132 132 


Double-base propellants. {Sec Propellants.) 
Dynamites. {See Ammonia.) 

E. C. Powder. {See Propellants.) 

EDO. {See Foreign.) 

EDXA. ( Sec Ilalcite.) 

Ednatol: 


Brisanee g 2 t , 

Charae l eristics 

Description and history _ t>2u 

Destruction ... 133 

Identification 92 

Manufacture g 2 e 

Sensitivity __ flgr/ 

Stability . _ f 

Electron _ 9 

Electronic shell-.. 9 

Elements __ 0 , 10,14 


Emulsion . 

Energy 

Ennayaku. (See Foreign.) 

Entoyaku. {Si t- Foreign.) 

Equation, Vaji Der ’Waals’. {See Laws.) 
Equilibrium. (See Reaction.) 

dinitratc. (See Foreign.) 
Ethylenedinil ran line. (See Haleitc.) 
Explosion: 

By influence 

Heat. (See Heat.) 

Pressure produced. (See Pressure.) 

Sympathel ie 

Temporal lire. (Set Temperature.) 
Temporal nre test. (Sec Test.) 
Explosive “D”: 

Brisanco 

Characteristics 

Description and history 

Destruction 

Identification 

Manufacture 

Packing. 

Reactivity 

Sensitive y__ 

Shipment ... 

Specification. 

Stability 

a — - . - . 

Storage 

Toxicity 


18 

If. 


32 

32 


52 g 
526 
52a 
133 
SI 2 
524 
114 
52c 

52/ 

127 

52c 

526 

122 

52? 


315 


192 

192 

192 

315 

269 

192 

192 

193 
16 
16 

16, 18, 
23 
27 
26 




167 

161 

161 

315 

269 

165 

296 

165 

166 
312 
165 
167 
306 
167 


Explosives: 

Binary 

Brisanco 

Characteristics 

Chemical activity 

Classification 

Cratering 

Definition . 

Detonation 

Destruction 

Development 

Dynamites. 

Identification 

Xilrostaroh demolition 

Phvsics of 

Plastic 

Power - 

Precautions in handling 

Sensitivity . . 

Single-compound 

Special interest. (See Foreign.) 

Stability 

Storage --- 

Types. (See Foreign.) 

Explosive train tesL. (See Test.) 

Flare compositions. {See Compositions.) 
Foreign: 

High explosives 

Identification 

Propellants — - • 

Formation, beat. (Sec Heat.) 

Forms. (See Physical.) 

Formulas, chemical. (See Chemical.) 
Fragmentation test. (See Test.) 

Freezing point.. 

Freight shipments. (See Shipment.) 

Friction sensitivity. (See Powder.) 

Fuse. ( See Powder.) 

I’uze. {See Powder.) 

Cap test 

Gas: 

Constant, molar 

Definition 

Raws 

Pressure 

Temperature 

Volume — - 

Gelatin dynamites 

General shipment. (See Shipment.) 

German priming compositions. (Srr Foreign.) 
Glyceryl trinitrate. (See Nitroglycerin.) 
Grain: 

Molecular volume. {See Molecular.) 
Molecular weight. (Sec Molecular.) 


Paragraph 

43 

30 

6 

15 

7 

67 

4 

25 

133 


13 

90-94 
47 
16 27 
43 
33 
8 
28 
43 

29 

122 


68-72 
. 90 -94 

84 8!) 




22c 

17 

22 

20 

21 

19 

67 


Page 

US 

60 

10 

25 
12 

204 

5 

37 

315 

7 

118 

267 

135 

26 
118 

68 

13 

13 

118 

53 

306 


208 

267 

261 



67 

30 

*26 

30 

29 

30 
29 

204 
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Guncotton. (See Nitrocellulose.) 
Uuaiiyld-nitxosoamino-l-tetrazenc. (See Totraecnc.) 

Haensoson-bakuyaku. (See Foreign.) 
Haishokuyaku. (See Foreign.) 

H2 Kongo. (See Foreign.) 

Haleil.e: 

Brisance . _ 

Characteristics 

Description and history 

Destruction 

Identification 

Manufacture 

Packing 

Reactivity 

Sensitivity 

•t “ “ “ * “ • • — - 

Shipment 

Specification 

Stability 

Toxicity 

Heat: 

Of combustion 

Of explosion 

Of formation 

Of reaction 

Sensitivity 

Test, 100° C . 

Test, 1 20° C 

Test, 134.5° C 

Hcxahyr3ro-l,3,5-trinilro-5-friazine. (See RDX.) 
Hcxanitu. (See Foreign.) 

Hcxanitrodiphenylaininc (Hexite) . (See Foreign.) 
Hexite. (See Foreign.) 

Hexogen. (5ee RDX.) 

ITigh explosives: 

Characteristics 

Definitions 

Destruction 

Foreign. (.See Foreign.) 

Identification 

Initiating _ 

Xoninitiating 

Packing 

Sensitivity . . 

United Stales . 

mix 

Homoeydonite. (See TJMX.) 

Hydrodynamic theory 

Hygroscopieity 

Hypothesis, Avogadro's _ _ 

Identification: 

Of explosives. (See Explosives.) 

Of propellants. (See Propellants.) 

Igniter compositions. (See Compositions.) 

Ignitibility of propellants. (See Propellants.) 




J J araQwph 

Pvqt 


- - 

- . _ 54 (f 

170 

— 

- ~ - - - 

546 

173 

— — 


. _ 5 la 

173 

— 

— _ _ 

.. 133 

315 



92 

269 



54 d 

174 



114 

296 

• - 


51c 

174 

• - 

• 

54/ 

176 

. - 

- — — — ~ — 

127 

312 

. _ . 


54e 

176 

- - 


54 h 

176 

- 


... . 54? 

177 



. 23 

33 

— 


23, 33 

33,68 

- • 


23 

33 

- 

— — •• . — — — 

23 

S3 

- 



28 

43 

- 


29 

53 

- 

a. - 

79 

238 

. 


79 

238 


6 

10 

4 

5 

133 

315 

90 

267 

41 

93 

43 

118 

113, 114 

295, 296 

2S 

43 

40 

93 

55/ 

181 

25 

37 

6 

10 

19 

29 
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Illuminating compositions. (See Compositions.) 
Impact: 

Sensitivity. (See Sensitivity.) 

Tests. (jSVc Test.) 

Impulse: 

Of rocket projjellants 

Blast-, of high explosives 

Specific, of propellants - 

Incendiary compositions — — 

I ndex, Performance 

Initial detonating agents. Agents.) 


Paragraph Page 

77 231 

34 72 

77 231 

110 234 

77 231 


Initiating: 

Agents. (See Agents.) 

Value. (See Agents.) 

Initiation sensitivity. (See Sensitivity.) 
Internal ional test. {See Test.) 

Ton 

Isotopes 

Jet propulsion unit propellent ... 
Japanese explosives. (See Foreign.) 

Kavitt-o. (-See Foreign.) 

Kcineyaku. (See Foreign.) 

Kilogram caloric 

Kinetic energy — --- 

KI test - --- - 

Lavs: 

Boyle’s 

Charles’ — ... - 

Van Der Waal's. . . ... . 

Cook, M. A .. -- — -- 

Avogadro’s — -- 

Berthclot-. -- 

Mimroe 

Lead : 

Azide: 

Brisance 

Characteristics - — 

Description and history — . 

Destruction -- . 

Explosion temperature 

Identification 

Manufacture 

Packing 

Reactivity — 

Sensitivity • 

Shipment 

Specification. 

Stability 

Toxicity...... — 

Styph rate: 

Brisance.-. 

Characteristics 

Description and history 

Destruction 


9 16 

9 lfi 

79 238 



23 

33 


16 

26 

- - 

29 

53 


22a 

30 


226 

30 


22e 

32 


22/ 

32 


22c 

30 


22/ 

32 


36 

78 


41a(13), (14) 

97 

..... 41a(4)-(6) 

94 

. 41a{l)-(3) 

93 

133 

315 

_. 41a(12) 

97 

.. 91 

267 

._ 41a(9) 

96 

113 

295 

... 41a(7), (8) 

95, 96 

... 41a(l 1) 

97 

.. 127 

312 

41a(10) 

96 

.. 41a(l 6) 

98 

41a(17) 

98 

41d(8) 

109 

.. 41rf{2)-{4) 

107 

41d(l) 

107 

133 

315 
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Lead — Continued 

Styphnate— Continued Paragraph Paie 

Identification. __ 267 

Manufacture 41rf(5) 107 

Packing 1 13 205 

Sensitivity lltf(7) 100 

Shipment . _ . 127 31^ 

Specification . 41rf(G) 108 

Stability 41d(10) 110 

Storage 12 2 307 

Trin itroresorcinate. ( See Lead sfyphnate.) 

Light: 

Color... 97 276 

Determination _ or orn 

\ fll . UC . 100 283 

Visibility. 102 288 

Liquid, definition j ~ 2g 

T-ow explosives _ _ _ _ _ 4 > 

Luminous intensity _ 97 276 

Lyddite. (See. Acid, picric.) 

Mach: 

Reflection 34 72 

Region ... ... . 34 ~ 2 

Magazines, storage. (Set Storage.) 

Manufacture. (See specific item.) 

Marking of containers U2 295 

Mass number 9 ^ 

MAT. (See Foreign.) 

Matter: 

Definition jg 26 

Phases ________ _j 7 96 

MRT. (See Foreign.) 

Meiayaku. (See Foreign.) 

Melinite. (See Acid, picric.) 

Melting point _ ] 7 of, 

Mercury fulminate: 

Brisancc 1 1 5(9) , (10) 102 

Characteristics. _ ... Ilf, (3), (4) 09 

Description and history. __ llfi(I), (2) 98 

Destruction ... 133 315 

Identification..... ... __ __ yj 267 

Manufacture .... ... 4l*f6) 100 

Packing ... . 113 295 

Reactivity . 416(5) 100 

Sensitivity 415(8) 101 

Shipment 127 ^jo 

Specification 416(7) 101 

Stability _ 416(12) 102 

Storage . ... 122 306 

, T Tonicity _ 416(13) 103 

Metathesis. (Sec Reaction.) 

Mines . 046 1 98 

Minimum detonating charge. (AYc Charge. 

Minol, (See Foreign.) 
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Mixture, physical. (See Physical.) 

Molar gas const am -- 

Molecular: 

Cram: 

Volume— -- 

Weight 

Weight. 

Molecule, definition... 

Motor carrier shipment. (See Shipment.) 

Monroe effect. 

NC. (See Nitrocellulose.) 

Nelli te. (See Foreign.) 

Neutron 

NG. (See Nitroglycerine.) 

N igot any aku. (See Foreign .) 
Nitrocellulose: 

Brisance 

Characteristics 

Colloidal structure.. .. -- 

Colloidion 

Description 

Destruction 

Guncotton...- -- -- 

Identification... ..- 
Manufacture... ... 

Packing 

Pvrocelluloso... 

* 

Pyroxylin - - - - 

Sensitivity 

Specification. - - 

Stability.. - - 

Storage... 

Nitroglycerin: 

Brisance. . -- -- 

Characteristics. . - -- - 

Description and hislory .. . 

Destruction.. - -- - -- - 

Identification .... - -- - 

Manufacture — - ----- 

Precaution... . -■ 

Sensitivity-.. -. 

Specification — 

Stability 

Toxicity 

Nilroguauidine: 

Brisance .. - - - - - - - — - - 

Characteristics. - 

Description and hisiory 
Destructimi- 

Idontification - - 

Manufacture. ... - - 

Packing ----- 

Reactivity- - 

Sensitivity 

Shipment. 


Paragrnjih Page 


— 

22 

30 


19 

29 


19 

29 


10 

18 

— 

9 

16 


36 

78 


9 

16 


... 46 p 

133 

_ 466, k 127, 128 

73 

218 

46c 

128 

46a 

127 

133 

315 

46c 

128 

92 

269 

46i-fc 

130 

11*1 

296 

4 fir. 

128 

46c 

128 

46 o 

132 

_ 46 in, n 

131, 132 

46*f, r, f T n 

133. 134 

. 46. 122 

127,306 

45ft 

126 

_ _ 455 e 

123 

45a 

123 

133 

315 

92 

269 

. .. 4% 

124 

45a 

127 

.. -- 45?', j 

125 

456 

125 

45/ 

126 

45?t 

127 

536 

172 

53/?, r 

168. 169 

53 n 

168 

133 

315 

92 

269 

53c 

171 

114 

296 

83d 

170 

53 a 

172 

127 

312 
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Nitroguanidine — Continued . „ 

c. / rrr«srra^ /W 

bpecihcation. . ..... riar 

stability ' " — 

q. “ o3i 172 

Storage 

Nitropentaerytlirite. (See PETX.) 

-MitrosUrci 48,122,127 140, 

3{Mi ill 2 

Nitrostarch demolition explosive. (See Explosive.) 

Xoninitiating high explosives. (Sec Explosive.) 

Novit. (See Foreign.) 

Onayaku. (See Foreign.) 

Oshitsuyaku. (See Foreign.) 

Osbivaku. (See Foreign.) 

Oshokayaku. ( See Foreign.) 

Otsu-B. (See Foreign.) 


toirtion ,, 20 

112-116 295 

1 eak pressure, blast. (See Pressure.) 


Pendulum friction test. (See Test.) 

IVnta. ( See PET X.) 

Pentaerythrite tetranitrate. (See PETX.) 

Peutolite: 

Brisance 

Characteristics 5% m 

Description and history _ r .r».. . 

Destruction. . ‘ ' ( “ 1“ 

Identification 

Manufacture 

Parking , l4 2!!e 

"f r - - SB, 187 

opacification _ - Q . 

Stability ■' . 

Storage _ i oo < 5 fu- 

Pentoriru. (See Foreign.) 

Peutrit. (See PETX.) 

Performance index. (See Index.) 

Pertito. (Sec Acid, picric.) 

PETN: 


Brisance 

p, , ... 3th 139 

(characteristic's. ... 

Description and history. 10c 

Dartmetio.: ' — ’ 3 5 

Jilentitiealinn ...... .. 03 ^ 

Manufacture , -1PT 

Parking " *" 4 137 

s™i t 4 v _:::; - — ----- i* *» 

o, - / - - - - 4/jf 139 

Stability.. 7 J. ** 

;;;;; ;;; £ » 

P9,lr ty -- •>* » 

Poms 74 220 

y -" >Kre 18 27 




Photoilash compositions. (See Compositions.) 

Picratol: 

Brisance 

Characteristics 

Description and history 

Destruction 

Identification 

Manufacture ... 

Sensitivity . .... . 

Stability . 

Picric acid. (See Acid, picric.) 

Picritc. (See Nitroguanidine.) 

Plate dent test. (See Test ) 

Potassium: 

Iodide test.. 

Iterate . 

Potential, ballistic. . 

Powder: 

Black: 

Analysis. _ 

Burning rate. 

Composition and combustion 

Description and history 

Destruction ___ . . 

Fuse . . 

FlISC .. - 

Granulations. . . 

Identification . 

Ignition 

Manufacture 

Packing . . 

Saluting charge 

Sensitivity 

Shipment : 

Sodium nitrate 

Stability and hygroscopicity 

Storage . 

Composite propellant. (See Propellant.) 

Precautions. (Sec Care and precautions in handling.) 

Storage 

Power: 

Ballistic pendulum test- .. - 

Brisance and power .... . . . 

Correlation of test values 

General 

Heat of explosion. _ 

Tranzl lead block test 

Pressure: 

Critical ... 

Gas 

Peak, blast 

Priming compositions. (See Compositions.) 


ParaffrapJi 

file 
til & 
61a 
133 
92 
6lr 
Old 
61/ 


P-affe 

191 

190 

190 
315 
209 

191 
191 
191 


29 

53 

53; 

167 

77 

231 


37A* 

90 

37c 

80 

37 b 

80 

37 a 

80 

133 

315 


90 

37 i 

90 

37c 

88 

92, 93 

209, 273 

37ft 

88 

37d 

87 

115 

299 

38 

91 

37/ 

88 

127 

312 

38 

91 

37/? 

88 

122 

306 


122 

306 

33c 

69 

Ga(-l) 

10 

33c 

71 

33a 

6S 

33ft 

68 

33rf 

70 

21 

30 

20 

29 

34 

72 
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Propellants: Par^pt, p age 

Ballistic effects. . ... 77 231 

British, (See Foreign.) 

Burning rates . 229 

Cannon..... . g],82 248,255 

Characteristics , g jy 

Classification.. __ _ j 12 

Composite. .... 89, 83 247, 259 

Definition _. __ 4 5 

Destruction ....... 133 315 

Development 5 7 

Double base 80, 82 247, 255 

E. C. powder 81,122 248,306 

Flashing and smokeless (FXH and XU) 81 248 

Foreign. (See Foreign.) 

German. (See Foreign.) 

Identification . __ 94 273 

Ignitibility __ 75 227 

Italian. (See Foreign.) 

Japanese. (See Foreign.) 

Jet propulsion unit 79 238 

Mortar 82 255 

Packing ________ 116 299 

Physical forms 74 220 

Physics of _ 15 26 

Pyroeellulose, 8 l 248 

Pocket 77,82 231,255 

Russian. (See Foreign.) 

Sensitivity. 7S 237 

Single base ....... 80,81 247.248 

Small arms. 81,82 248,255 

Stability 79 23S 

Stabilizers 79 238 

Storage 122 306 

Structure 73 2 1S 

Web dimensions . . ... 74 220 

Propellant, charge. (See Charge.) 

Proton 9 16 


Pyroeellulose. (See Nitrocellulose.) 

Pyronitc. (See Tetryl.) 

Pyrotechnic compositions. (See Compositions.) 

Pyroxylin. (See Nitrocellulose.) 

Quantity-distance requirements. (See Storage.) 

Quickness of propellent charge. (Sec Charge.) 

Rate: 

Burning. (See Burning rale.) 

Detonation. (See Detonation ) 

RDX: 

Brisance . . _ _ . 5 5 y 1 81 

Characteristics-.. .. . ....... 555, c 177, 179 

Description and history ...... 55^ £77 

Destruction . . - ... 133 315 

Identification ...... _ __ 92 269 

-Manufacture 55^ -J79 
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RDX — Continued 

Packing 

Sensitivity.. - 

Shipment -- 

Specification 

Stability . 

♦ 

Storage 

Toxicity 

Reaction (See also Rjxicifie item.): 

Decomposition 

Direct combination 

Double replacement 

Chemical — 

Endothermic— 

Equilibrium — - - - 

Exothermic. . - 

Heat 

Metathesis 

Rate 

Reduction — - 

Replacement 

Zone 

Reactivity and compatibility 

Relative weights 

Rifle bullet, impact test. ( Sec Test.) 

Rocket propellants. (See Propellants.) 

Rupture, radius 

Saluting charge black powder. (Sec Powder, black.) 
Sand test. (See Test.) 

Scliicsswolle 18. ( See Foreign.) 

Seigatta. (See Foreign.) 

Sensitivity (See also specific item.): 

Of explosives -- 

Of priming compositions. (Set Compositions.) 

To friction 

To frictional impact — 

To heat and spark 

To initiation. .. 

To impact 

Shaped charge --- — 

Shimose. (See Acid, pieris.) 

Shi mose bakyuaku. (See Foreign.) 

Shipment: 

Airplane 

Boat- - 

Freight 

General — 

Motor carrier. 

Regulations.. 

Shan b&ku vakil. (See Foreign.) 
t>hoek: 

Froul .. - — — — 

Underground --- 

Underwater - 


114 

55/ 

127 
55c 
._ 55A 

122 
55* 

.. 1U(2) 

- 1 l«d) 
lln(3) 

11 

11c 

13 

11c, 23 
23 

._ 115(2) 

12 

- 1160) 

.. llo(3) 
... 256 

6 

9 


35 


6 

286 

28c 

28rf 

28t 

28n 

36 


130 

129 

127 

125 

128 

126 


34 

31 

31 


Page 

296 

181 

312 

180 

181 

306 

181 

20 

20 

20 

20 

21 

21 

21,33 

33 

20 

21 

20 

20 

38 

10 

16 


76 


10 

17 

19 

19 

52 

13 

78 


314 

313 

312 
311 

313 
311 


72 

72 

72 
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Shoek — Continued 

Wave 

Zone . 

Shoeiyaku. (See Foreign.) 

Shonoyaku. (See Foreign.) 

Shoto yakii. (See Foreign.) 

Shouvaku. (See Foreign.) 

Signal compositions. (See Compositions.) 
Single-base propellants. (See Propellants.) 

Smoke compositions. {See Compositions.) 

Sodium nitrate black powder. (See Powder, black.) 
Solid 

Solution, 

Spark sensitivity 

Specific impulse . 

Squibs, compositions. (See Compositions.) 

Stability: 

High explosives 

Propellants 

Tests. (See Test.) 

Stabilizers ... 

Stand-off distance 

Starch nitrate. (See Nitrostarch.) 

Storage: 

Barricades 

Classifications 

Definitions . _ _ _ 

General 

Magazine 

Protection afforded by present methods 

Quantity-distance requirements. . . 

Straight. dynamites _ _ 

Surface tension,. 

Surveillance test. (Sec Test.) 

Suspension 

Symbols for elements 

Sympathetic explosion. (See Expulsion. ) 

T4 (See RDX) 

Tables: 



I. Symbols, atomic weights, and atomic numbers of 


elements 20 18 

II. Equilibrium in the reaction between acetic acid 

and ethanol . 13 21 

ITT. The valency of elements 14 23 

IV. Chemical groups and their structures . 14 23 

V- Organic explosive compounds and their deriva- 
tion. .. 14 23 

VI, Pressure- volume relations of gases at 0“ C 22 30 

VII. Van Dor Waal’s equation constants 22 30 

VIII, Dctoual ion characteristics of explosives 25 37 

IX. Rates of detonatiou of high explosives 27 11 

X. Effect of temperature on .^sensitivity to impact., 28 43 

XI. Classification of explosives with respect to hazard 

from electric sparks ... 28 43 
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Tables -Continued • 

XII. Plate dent, tests of explosives . 

XIII. Maximum distances for sympathetic detonation. 

XIV. Effect of liner material on shaped charge effi- 


i 9 UTQ$T*iph 

30 


ciencv 


XV. Granulations of black powdeT, 

XVT. Density of lead azide when pressed 

XVIT. Densitivity of dry and wet lead azide 

Will, Deterioration of mercury fulminate — 

XIX, Solubility of diazodinitrophenoi 

XX. Efficiency of initiating compounds — 

XXI. Oilorat e-thiocyanate compositions containing 

explosive ingredients . 

XXII. Priming compositions containing mercury ful- 
minate 

XXIII. Electric primer and squib priming composil ions. 
XXIV, Impact sensitivity of nitroglycerin-acetone mix- 
tures 

XXV, Thermochemieal characteristics of nitrocellu- 
lose _ 

XXVI. Compositions of mixed acids for nitrai iug cellu- 
lose 

XXVIT. Rrisance of nitrocellulose 

XXVIII. Decomposition of nitrocellulose.. 

XXIX. TTvdrolvsis of nitrocellulose 

XXX. Vacuum stability tests of nitrocellulose 

XXXI. Solubility of PET X - 

XXXII. Solubility of TXT 

XXXIII. Solubility characteristics of tetryl - 

XXXIV. Solubility of RDX 

XXXV. Compositions and characteristics of dynamites __ 

X X X VI. German priming compositions 

XXXVII. Japanese explosives 

XXXVI IT. Minimum pressures of 2H 2 + 0 2 -I X 2 required for 

ignilion of propellants - - 

XX XTX. Effect of temperature on burning rate 

XT,. Critical pressure values of rocket propellants.. . 
XLT. Specific impulse values of projjollcnt comport- 

lions - - 

XIII. Effects of initial temperatures on burning char- 
acteristics of a World War II Toeket propel- 
lant.. . 


30 

37 

41 

41 

41 

41 

41 

42 

42 

42 

45 


46 

46 

46 

46 

46 

47 
40 
50 
55 
67 
70 


75 

76 


77 


77 


XT.11I. Explosive characteristics of E. 0. powder 81 

XLIV. Standard artillery propellant compositions 81 

XLV. Compositions of single-base powders for small 


arms. 


81 

XLV I. Double-base cannon propellants 82 

XLVII. Compositions of mortar powders 82 

XL VIII. Double-base propellants for small anus 82 

XLIX. Compositions of cajilKU- .30 and caliber .50 

propellants - ^ 

L. Compositions of rocket propehanls ... 82 

LI. British cordites 85 

LIL Compositions of British projH'llants 85 

LI II. German single-base compositions 86 


82 


78 

86 

93 

93 

93 

93 

93 

113 

113 

113 

123 

127 

127 

127 

127 

127 

127 

135 

142 

154 

177 

204 

209 

209 

227 

229 

231 

231 


231 

248 

248 

218 

255 

255 

255 

255 


262 

262 

203 


.'iSir.sie ti.l 
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Tables — Continued -p U r«pr«pi 

LIV. German nitroglycerin compositions. . 8t» 203 

LV, German DEON and TEON compositions _ St; 203 

LVT. Italian compositions for propellants 87 265 

LV1I. Japanese compositions for propellants 88 265 

LVIII. Russian compositions for propellants 89 266 

TJX. Tests of noninitiating explosives 92 269 

LX. Effects of change in area of burning surface ... 98 278 

CXI. Effects of change in density .... 98 278 

LXII. Effects of change in pari icle size . . 98 278 

LX 111. Effects of change in specific surface .... 98 278 

LXIV. Effects of combustible cases 98 278 

LXV. Compositions used hi illuminating projectiles. . Ml 281 

LXV I. Compositions used in trip Hares 101 284 

LXV 1 1. Composition used an airport flares Ml 284 

LXV III. Compositions used iai aircraft, parachute flares. _ 101 284 

LXIX. Compositions used in recoamaissanee and landing 

flares 101 284 

LXX. Composition used in bombardment flares 101 284 

LXX1. Compositions used in pyrotechnic signals 101 284 

LX XII. Oandlepowcr requirements for visibility 102 288 

LXXIII. Relative intensities of light- required for visibility 

at night under various weather conditions 102 288 

LX XIV . Compositions used in smoke signals ..... 103 289 

LXXV. Tracer compositions 105 291 

LXX VI. Igniter compositions 109 292 

LXXV II. Incendiary compositions 111 294 

LXXV III Requirements for Class 2 explosives 123 295 

LX XIX. Requirements for Class 2A explosives 123 295 

LXXX. Requirements for Class 9 explosives 123 295 

LX XXI. Decontaminating agents 134 319 

I- Sensitivity test values of explosives App. I 322 

II. Effects of explosives App. i 322 

III. Thermochcmical characteristics of explosives App. I 322 

•** tost, values of explosives App. I 322 

V. Density values of explosives App. I 322 

VI. Compositions of standard propellants App. I 322 

VII. Compositions of rocket propellants App. I 322 

VIII. Characteristics of propellent compositions App. I 322 

IX. Stability lest values of propellent compositions. App. I 322 

X. Conversion factors App. I 322 

Tan-o-yaku. (8cr Foreign.) 

Temperature: 

Critical 21 30 

Explosion.. 23 33 

Ignition... 24 30 

Test, explosion 28 43 

Test: 

Ballistic pendulum 33 gg 

Color value . 100 283 

Compression gl 248 

Correlation of test values. . 33 

Explosion temperat Lire . 28 43 

Explosive (rain ___ 31 (>4 

Fragmentation 30 gp 
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Test- -Continued 

Gap ' ‘ 

Heat, 100° C 

Heat, 120° C - 

Heat, 134.5° C -~ --- 

Hygroscopicity. - --- 

Impact — ..... ... --- 

International, 75° C — - -- -- - 

KI 

Pendulum friction.. 

Plate dent. - - 

Pyrotechnic. {See Compositions.) 

a 

liiilo 1ml tat impwl 

Sand 

Stability, Vacuum (see o/wo specific item) .... 

Surveillance - - 

Trauzl lead block (sec at no specific item! - - 

Tetracene: 

Characteristics. . ... — - 

Description and history — - -- 

Destruction. .. - - - 

Identification -• 

Manufacture. - 

Sensitivity -- -■ 

Specification.- -- -- — 

Stability — - 

Tetraliie. (See Tetryl.) t 

Tetrani t ro- 1 ,3 ,5,7 — tctrazacyclo-octane. (See H VI X.) 

Tetranitrocarbazole. {Sec Foreign.) 

Tetrani Iro met liy [aniline. {See Tetryl.) 


I^ragr/tpk 

32 

29 

79 

79 

81 

28 

29 

29 
28 

30 


i'nqe 

67 

53 

238 

238 

218 

43 

53 

53 

13 

60 



!W2)-(4) 110 

4le(I) 110 

133 315 

91 267 

4 1 c(o) 110 

4lr{7> U2 

41e(6) HI 

4 If (9) 113 


Tetrvh Wh 158 

Rr,saucc - — ' 50 h 155 

Characteristics -- ---- --- --- — - ^ 154 

Description and history _ - - -- -- ^ 

Dc*«truH itm — . - - - -- - ' ' "" ^2 265) 

Itlcntifiml ion - »*. 156,157 

MamuaHure-- - - ^ ^96 

Packing..... - - ---• Mc ^ 

Reactivity — - - ^ 158 

Sensitivity — - - 12 ? 312 

Shipment — - - - ^ 157 

Specification --- ----- ' " 507 159 

Stability 122 306 

Storage ' 50 j 159 

Toxicity... — - - - " ' 

ToLrytol: fi0< , m 

Bnsance.. -.-- - ^ 189 

Characteristics .. - - - r>0a 188 

Description and history ... ^ 2 69 

Identification.. - - 

Manufacture- ... • 189 

Sensitivity ..... ^ 18 9 

Stability - 
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Thermochemistry: 

General _ _ ' _ . _ /*, w 

Heat of: " ““ - 2:{rr 33 

Combuslioii 

Fx plosion. ... ^ c 33 

Formation... " ” 23e 35 

Reaction 33 

Temperature 35 

T-\C. (See Foreign.) ^ 36 

TNT: 

Rrisance 

Characteristics. ._ 49 ° 153 

-Description and history . " ' 114 

Destruction " - - - ... 40u, h 142, 140 

Identification ‘ 315 

Manufacture- ^ 269 

Packing ’ " - 49 *"' I +0 

Reactivity _ ^ 4 298 

Sensitivity ’’ "" 49 0- <1 115,154 

Shipment *" 49n 152 

Specification __ ~ 312 

Stability... - -- 49m 151 

Storage __ ' 49 P 153 

Toxicity _ " l 2 ^ 306 

Tolite. (See TNT.) " ----- 49r 154 

Torpex: 

Rrisanee 

Characteristics 94e 49 ? 

Description and history i9fi 

Destruction... ’ 1 9 *> 

Identification _ _ ■ 133 315 

Manufacture ” - - - 02 260 

Sensitivitv _ "" - - (>4r 196 

Stability.* Md 197 

Toxicity _ _ _ _ 54/ 1 D7 

6 10 


Tracer compositions. (See Compositions.) 

1’rauzl lead block test. (See Test.) 

Trialen No. 105. (See Foreign.) 

Iridite. (See Foreign.) 

Trilitc. (See TNT.) 

Trimonite. (See Foreign.) 

Trinitrophenol. (See Acid, picric.) 

Tnmtropheny Imet hyl nitramine. {Sec Tetrvl ) 

Trinitrotoluene. (See TNT.) 

Tritol. ( See TNT.) 

Triton. (See TNT.) 

Triionai: 

Bri sauce 

Characteristics... ^ 185 

Description and history ... ^ 185 

Destruction _ oSei 184 

Identic ration - ] 33 315 

Manufacture _ _ ” ' _ 92 260 

Reactivity 58*/ 185 

58c 185 
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Tritonal — Continued Pw 

Sensitivity 58<f 180 

Stability 58 » 180 

Trotyl. (See TNT.) 

Truck shipment. (See. Shipment.) 

TSMV 1-101. {See Foreign.) 

Type 1, 4, 88, 91, 92, 04, 07, 98 explosive. (See Foreign.) 

Underground shock. (See Shock.) 

L* ndenvater shock. {See Shock.) 

Vacuum stability lest. (See Test.) 


.. . 0 16 

valence — --- 

Visibility of light. (See Light.) 

Volatility - - ^ 

, 21 30 

Critical 


Gas molecular. { See Gas, volume u«ri Laws.) 

Webs of propellants. (See Propellants.) 

Weight : 

Atomic. (See Atomic.) 

Gram molecular. (See Molecular.) 

Molecular. (See. Molecular.) 

[AG 471.86 (13 Jan 55)1 
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